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To establish the conditioned reflex, both the conditioned and uncon- 
ditioned stimuli are to be administered in combination in such a way 
that the unconditioned stimulus is presented immediately after the onset 
of the conditioned stimulus for the simultaneous conditioned reflex, or 
after a variable time of delay for the successive conditioned reflex. In 
either case, the conditioned reflex, when established, takes place with a 


delay almost equal to the time interval between the start of conditioned 


and unconditioned stimuli. 

The conditioned reflexes are to be developed not only upon the base 
of the salivary secretion as in Pavlov’s classical experiments”, but also 
upon the base of other various visceral reflexes such as cardiovascular 
responses. 

Though hitherto seldom cited in the discussions of the conditioned 
reflex, Sherrington’s study of a conditioned cardiac inhibition®) is to be 
estimated as valuable as Pavlov’s pioneer works. 

Gantt and Hoffmann*) who studied the conditioned cardio-respi- 
ratory changes in animals, observed an increased heart rate accompanying 
conditioned food reflex and a slight increase in heart rate even during a 
conditioned inhibition. 

Besides those works, however, the communications concerning the 
conditioned change in cardiac rate are, by and large, rather scarce. 

The study to be reported here aimed to clarify some of the features 
of the cardiac acceleration conditioned by feeding in dogs as compared 
with the conventional secretory and motor phenomena which were ob- 
served simultaneously. 

The conditioned heart rate changes in question were analysed by 
recording its instantaneous rate continuously by the use of Matsuda’s 
cardiotachograph’?. 
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EXPERIMENTAL 
Method 


+ dogs ranging from | to 3 years old (from 7.5 to 13.8kg. body weight) 
were used. In the experiment the animal was put in a specially designed animal 
box of sufficient size, in which he had previously been well accustomed to be 
at ease. ‘The electrocardiographic lead II was used for operating the cardio- 
tachograph. As a rule the respiratory movement was recorded?) simultaneously 
with the instantaneous heart rate. During the experiment, great care was 
taken in order to minimize adventitious stimuli (e.g. extranous noises). 

The unconditioned stimulus was the feeding of a definite amount of food 
consisting of powdered biscuit 8 g., and ‘‘ Fish-meal ” | g. flavored with a little 
bit of salt. The beat of a metronome, 100 per minute in rate, was used as the 
conditioned stimulus. 

Parotid fistula was previously formed according to Pavlov’s classical method. 
The rate of reflex secretion of saliva was registered simultaneously with heart 
rate and respiration by marking its drops by means of an electrical device. 

The administration of conditioned and unconditioned stimulus was carried 
out by a skilled assistant in such a manner that the procedure could not be noticed 
in advance by the animals. The dogs were reinforced by the paired stimuli 
of metronome and food, and from five to eight such stimulations with an inter- 
vening periode of three to ten minutes in between made one series of experi- 
ments for one day. 

In order to test the degree of established conditioning, the conditioned 
stimulus (metronome) alone without the food was applied occasionally and the 


response was observed. 


Results 


1. Pattern of Cardiac Rhythm in Simultaneous Conditioned Reflex 

When the metronome beat which was to be used later as the conditioned 
stimulus was sounded to the dog for the first time, he usually responded im- 
mediately with an increases in cardiac rate. This is a “startle reaction’’ or 
** search reflex”’ (Fig. 1. A). When the metronome stimulus was given repeatedly, 
dogs gave less and less ‘response so that the increase in cardiac rate disappeared 
ultimately (Fig. 1. B). 

Accompanying the unconditioned stimulus of food, the cardiac rate became 
increased distinctly by about 50 to 150 per minute above the control level and 
the increase lasted beyond the act of ingesting food which required approximately 
thirty seconds (Fig. 1. C). Contrary to the startle reaction mentioned above, 
this heart accelerating response to food was never to be extinguished by re- 
petition. 

The conditioning was carried out by continuous sounding of the metronome 
for 30 seconds combined with the administration of food exactly 5 seconds after 
the start of the metronome. 

The simultaneous conditioned reflex was established well after 10 to 15 
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Fig. 1. Patterns of cardiac rhythm and salivary secretion in course of 
establishment of simultaneous conditioned reflex. In each record—Up- 
permost : time mark in two-second intervals, signal indicates the conditioned 
stimulus (metronome beat). The second: respiratory movement, inspiration 
upward. The third: cardiotachogram indicating the instantaneous cardiac 
rate, the calibration scale on the left in rate per min. and in second of the 
interval of two successive heart beats. Lowest: salivary secretion, one stroke 
for one drop of saliva. 

A) Unconditioned response (startle reaction or search reflex) to the 
metronome beat applied for the first time : distinct increase in heart rate and 
no salivary secretion. 

B) After the metronome had been sounded several times, no more startle 
reaction, 

C) Reinforcement in conditioning. The unconditioned stimulus (food) 
was given after five seconds from the onset of the metronome beat (arrow). 
Heart quickened almost simultaneously with the conditioned stimulus while 
salivation occurred here after some latency from the presentation of food. 


D) Well established conditioned response to metronome beat without 


food. Increased heart rate and salivation. 








4 M. Kato 


days of reinforcement. ‘The heart rate began to increase almost immediately 
with the start of metronome beat, and reached nearly the same height as when 
the food was given (Fig. 1. D). Conditioned salivary secretion took place also. 
The respiratory arrhythmia either disappeared or became indistinct along with 
the acceleration of the heart just as when the unconditioned stimulus (food) 
was administered. 

The cardiac acceleration here is to be interpreted as a conditioned reflex, 
for the metronome sound fer se had been unable to elicite acceleration any more 
in this dog (Fig. 1. B) before the reinforcement. And inasmuch as the animal 
exercised only a slight, if any, bodily movement on the start of metronome, the 
cardiac acceleration can hardly be a response secondary to the motor activity. 

2. Generalization and Differentiation of Conditioned Reflex 

When a conditioned reflex has been established to a certain stimulus (A), 
another stimulus (B) similar to, but not identical with the first stimulus also 
tends to elicite a response. Such a feature of conditioned reflex is called generali- 
zation. If the allied stimulus, however, is repeated without being combined 
with appropriate reinforcement, the generalized conditioned response gets 
gradually weaker, to be finally extinguished completely, whereas the animal 
reacts to the stimulus A quite distinctly. Then the differentiation of the two 
stimuli A and B is completed. 

In the present experiment both the generalization and the differentiation 
were confirmed to occur in the conditioned cardiac reflex in accordance with 
the general principle. For example, the heart got accelerated distinctly re- 
sponding to the sounding of the metronome at rates other than 100 per minute 
which was the only rate combined with the reinforcement. As illustrated in 
Fig. 2, beside the reinforced stimulus (100 beats per minute) which, of course, 
elicited remarkable response, metronome sound at rates other than 100 per 
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Fig. 2. Relationship between the metronome beats per min. and the 
increase in heart rate. The nearer the rate of metronome beats per min. (un- 
reinforced stimulus) was to that of the reinforced stimulus (100 beats per min.) , 


the greater was the increase in heart rate. 
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minute caused a tachycardia though to a lesser degree and the nearer the fre- 
quency of the metronome beat (unreinforced stimulus) to that of the reinforced 
stimulus (100 per minute), greater was the increase in heart rate. Such pattern 
of generalization of conditioned cardiac reflex was almost in the same modality 
as for the well investigated salivary reflex®. 

Daily repetition of trial in such a way that the sound of a definite rhythm 
was accompanied and the sound of other rhythms was never accompanied by 
food, led after about 30 days to the stage of differentiation where the dog became 
able to distinguish the difference in rate of metronome beat of 90 and 100, or 
100 and 110, as revealed by its response in heart rate; the dogs responded to 
the beat of 100 per minute as usual, but never to both the beats of 90 and 110 
per minute. While the establishment of more delicate differentiation seemed 
possible, the experiment was not carried out further. 

3. Delayed Conditioned Reflex and Extinction 

Delayed conditioned reflex is the one wherein a conditioned stimulus is 
followed by a considerable time interval before the administration of the un- 
conditioned stimulus. To establish such conditioning, the delay of stimulus 
should be made at first quite short and be gradually prolonged keeping pace 
with the progress of reinforcement until the desired interval of time between 
the conditioned and unconditioned stimuli will finally be attained. 

In this experiment the metronome beat lasted for about 60 seconds and 
the unconditioned stimulus was given about thirty seconds after the start of 
metronome (Fig. 3. A). For the conditioned salivary secretion the delayed 
conditioned reflex was definitely established after reinforcement for about 50 to 
60 days. The behavior of the cardiac conditioned reflex, however, appeared 
somewhat different. Fig. 3..B illustrates the result after 50 to 60 days’ rein- 
forcement. When the metronome beat (conditioned stimulus) alone was given, 
reflex secretion of saliva occurred after 25 seconds from the beginning of the 
conditioned stimulus and persisted 45 seconds thereafter. One drop of saliva 
appeared also just at the start of the conditioned stimulus as recorded in this 
figure. This is a phenomenon frequently observed since Pavlov’s discovery and 
is called initial response in the delayed conditioned reflex. Contrary to such a 
distinct delay of the reflex salivary secretion, the cardiac rate increased almost 
immediately after the onset of the metronome stimulus in a way similar to the 
response in the simultaneous conditioned reflex (compare Fig. 1. D), but gradual- 
ly slowed down to a level distinctly higher than the basal cardiac rate after 20 
to 30 seconds to remain at this level as long as the conditioned stimulus continued. 
Thus there was observed no distinct, delayed response of the heart rhythm. The 
finding remained the same even after the reinforcement had been conducted 
uninterruptedly over three months. 

It is an interesting fact to note that the respiratory movement appeared 
somewhat deeper and more regular during the application of the conditioned 
stimulus than under the ordinary conditions of the animal. 

After the above mentioned responses had been well developed (Fig. 4. A, B), 


it was tried to extinguish them as follows (Fig. 4. C-E): The conditioned stimulus 
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Fig. 3. Patterns of cardiac rhythm in the stage of well-established salivary 
successive conditioned reflex. Legend for each record same as in Fig. 1. 

A) Reinforcement of the successive conditioned reflex. The uncondi- 
tioned stimulus was given at about the 30th second from the beginning of the 
conditioned stimulus (arrow). Salivary secretion begins after the adminis- 
tration of the unconditioned stimulus. 

B) Conditioned response to the conditioned stimulus without food. Dis- 
tinct acceleration of heart from the start of the conditioned stimulus and lasted 
throughout the metronome sounding. Distinct delay in reflex is seen only for 


the salivary secretion. 


only was applied, not accompanied by food. Such procedure was repeated 20 
to 25 times a day with an interval of three to five minutes between trials. Then 
the cardiac accelerating response got gradually decreased in magnitude and 
finally they were completely extinguished (Fig. 4. E) after aboui 30 days. 

In this course of extinction, the reflex cardiac acceleration lessened from 
its final or later phase and the lessening extended gradually to the more early 
phase so that the initial quickening immediately following the start of the con- 
ditioned stimulus persisted most tenaciously. 

At the phase of the experiment when the extinction had been completed, 
that is, the responses to the conditioned stimulus had ceased to occur, the re- 
spiration of the animal bécame unusually deep and regular while the metronome 
was sounding, so that the respiratory arrhythmia appeared quite conspicuously 
(Fig. 4. E), and the dog was then invariably in state of deep sleep. 

The conditioned reflex once extinguished as above, could be resumed in 
the same dog after repeated reinforcement for about half a month. 


Discussion 


The dog responded unconditionally with a reflex acceleration of heart 
to the stimulus of the metronome sound when the stimulus was applied 
for the first time, while the metronome beat was evidently neutral to the 
salivary secretion at least under the ordinary conditions of the animal, 
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Fig. 4. Extinction and reestablish- 
ment of the conditioned cardiac reflex. 
Upper: time mark in two second inter- 
vals, signal indicates the conditioned 
stimulus. Middle: respiration, inspira- 
tion upward. Lower : cardiotachogram. 

A) Reinforcement of the succes- 
sive conditioned reflex, unconditioned 
stimulus was given about 30 seconds 
after the onset of conditioned stimulus 
(arrow). 

B) Conditioned response to the 
conditioned stimulus without reinforce- 
ment. 

C) & D) Two stages of incomplete 
extinction. Cardiac response begins to 
disappear from the final phase and the 
extinction extends gradually to the ini- 
tial phase. In these stage it is worthy 
to note that respiration becomes deeper 
and more regular and consequently the 
respiratory arrhythmia appears more 
conspicuously. 

E) The stage of complete extinc- 
tion. The cardiac response is comple- 
tely extinguished. Deep respiration and 
marked respiratory arrhythmia. 

F) Reinforcement in the course of 
reestablishing the conditioned — reflex 
which has been extinguished. 

G) Recovery of the abolished re- 
sponse due to the renewed application 
of the conditioning procedure. Reestab- 
lished response, cardiac acceleration 
accompanying conditioned — stimulus 


without food, 








8 M. Kato 


Such an acceleration of the heart, however, is a sort of the “ search reflex ”’ 
and repetition of the metronome beat makes the sound ineffective for 
quickening the heart, as it actually did in the present experiment. Under 
the conditions following such preparatory treatment the metronome 
sound is to be regarded as a neutral or indifferent stimulus to the dog. 

On the other hand, giving the food to the dog was always accompanied 
by a distinct acceleration of the heart, evidently a cardiac reflex. In the 
present experiment the author tried to condition the acoustic stimulus of 
the metronome beat, which had been made neutral in advance, for the 
acceleration of heart of the food reflex; and the result was positive as 
described above. Several well-known characteristic phenomena of the 
conditioned reflex, generalization, differentiation and extinction were also 
demonstrated experimentally in connection with this cardiac reflex. So 
its nature as the simultaneous conditioned reflex was confirmed. 

To establish the delayed conditioning of this reflex, however, was 
unsuccessful in spite of all the endevor while the conditioned salivary 
secretion tested simultaneously occurred quite typically with a definite 
delay as expected in reflexology. 

The reason for this failure is at present not clear. The internal 
mechanism of the delay of response in the delayed conditioned reflex is 
considered to be due to an internal inhibition. In the case of the present 
report the internal inhibition alleged to be operative for the delayed con- 
ditioned response might not be irradiated to the areas govening the cardiac 
reflex. 

Another interpretation might be possible. The heart accelerating 
food reflex might not be a simple positive reflex but a sort of disinhibition 
of the internal inhibition which is operative against the startle reaction 
(an inborn reflex of tachycardia observed when the dog is made to hear 
the sound of metronome for the first time, an emotional reflex inherent to 
the animal for any strange external stimuli). And the disinhibition is 
a process occurring at the neurons in the central nervous system in a 
manner so complicated that it could hardly be controlled solely by the 
simple temporal arrangement of the conditioned and unconditioned stimuli. 


SUMMARY 


A conditioned cardiac reflex accompanying conditioned food reflex 
was elaborated in dogs by applying the sound of metronome beat (con- 
ditioned stimulus) in combination with feeding of a definite amount of 
food (unconditioned stimulus), simultaneously or successively with an ap- 
propriate time interval. The changes of the cardiac rhythm were in- 
vestigated, being recorded by means of ‘‘ Cardiotachograph.”’ 
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When the simultaneous conditioned reflex was well-established, the 
heart rate became accelerated by the conditioned stimulus approximately 
to the same extent as by the unconditioned stimulus alone. 

Both the generalization and the differentiation of the conditioned 
reflex were confirmed to exist quite in the manner consistent with the 
general principle known in the classical conditioned reflex. 

In the delayed conditioned food reflex, the cardiac rate increased soon 
after the onset of the conditioned stimulus similarly to the simultaneous 
conditioned reflex and decreased to a level somewhat higher than the basal 
cardiac rate after 20 to 30 seconds and remained at this level during the 
conditioned stimulus was being given. 

Thus there seems to be no internal inhibition for the conditioned 
cardiac acceleration corresponding to the inactive phase with respect to 
the salivary secretion in the delayed conditioned reflex. The mechanism 
concerned is not clear. 

After the delayed conditioned reflex had been well established, the 
conditioned cardiac acceleration was extinguished when the conditioned 
stimulus alone was repeatedly given without food. 

The conditioned cardiac acceleration, thus extinguished once, could 
be reestablished by renewed institution of reinforcements, 


The author wishes to express his thanks to Prof. K. Matsuda for his en- 
couragement during the course of this work. 
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A “ Toxohormone’”’ from Cancerous Ascitic Fluid— 
Preliminary Note 


Hajime Masamune, Shigeru Tsuiki, Sigetosi Kamiyama, Sin-iti Abe, 
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From the Medico-chemical Institute, Tohoku University, Sendai 
(Received for publication, November 30, 1957) 

Cancerous ascitic fluids with primary seat in stomach were condensed 
together, precipitated with alcohol and boiled with changes of 80°%, ethanol. 
The solutions given were also condensed and precipitated with alcohol, and 
after taking up in water, electrodialyzed. The deposit occurring here was 
fractionally precipitated from water with alcohol and with ammonium sulfate 
in turn, separating the fraction precipitating by alcohol of 30-40% and at the 
(NH,)2SO, concentration range from 1.3 to 1.4 M. The product, which was 
electrophoretically (a Tiselius apparatus) and ultracentrifugally (a Spinco ultra- 
centrifuge Model-E) homogeneous (See Figs. 1 and 2), was remarkably biuret 
positive and slightly Molisch positive, and contained 13.5% N, 1.5% hexosamine 
and no ash. 5 mg. per caput of it, intraperitoneally injected, caused 40% de- 
crease of liver catalase activity of mice, whereas it did not decrease the catalase 
activity of kidney and blood in vivo nor the liver catalase activity in vitro, It also 
induced more than 10°,, anemia, when intravenously injected into rabbits in a 


dose of 0.5 mg. per kg. body weight. 


Fig. 1 Fig. 2 
(a) 


(b) 
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Fig. |. Electrophoresis patterns of 1°,, solutions of the toxohormone (KIK factor) 
in veronal buffer pH 8.6, I=0.2 (a) and glycine buffer pH 2.0, I=0.2 (6) ; current 
5mA; temperature 10°C. Exposure 120 min. after starting current. 


Fig. 2. Sedimentation diagrams of 1°, solutions of the toxohormone (KIK 
factor). (a) Veronal buffer above ; 42 min. after reaching full speed 57,600 rev./min. ; 
rotor temperature 8.6 C. (b) Glycine buffer above ; 44 min. after reaching full 


speed 59,500 rev./min. ; rotor temperature 11.2 C. 
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The Studies on the Kidney Homotransplantation 


I. The Elucidation of the Systemic Toxic Syndrome Developed 
in the Recipient 


By 
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iS ° sige : . 
“ In spite of few exceptional clinical successful reports on homotrans- 
“ plantation of the kidney"), everybody who is engaged in this work agrees 
4s that the homotransplanted kidney would stop its function sooner or later 
* and become necrotic’**-?, The most prevailing theory on its etiology 
et is the aquired immunity theory®)”*) which has a fatal defect which cannot 
1e demonstrate cyto-toxic homologous antibody in vitro. On_ the 
Ee hand, systemic toxic syndrome®)®)!®, which appears in the recipient 
se homotransplanted kidney is an important problem which cannot be over- 
” looked. However, no extensive study could be found as far as we could 
a 


determine, probably owing to its mysterious nature. While the authors 


performed homotransplantation of the kidney to study the necrotizing 
process of the transplanted kidney, and organic pathology was found in 
the recipient kidney and liver as similar as that in the transplanted kidney. 


This new observation is reported. 


EXPERIMENTAL 


Method 





Healthy mongrol dogs were selected as a pair of dog which showed 
negative agglutination test by cross matching test of blood at room tem- 
perature for 30-60 minutes. Both donor and recipient were injected with 
2%, morphine for premedication. 20-60 minutes later, they were anes- 
thetized with intravenous injection of 0.3-0.5 gm. pentothal sodium. 


Following removal of the donnor kidney, it was irrigated with 200-300 cc. 
physiologic saline solition under a falling pressure of 110-120 mm. He.O 
and then transplanted in the cervical region of the donor. ‘The experiment 


was divided into two groups; Group |; Removal of the recipient kidneys 
1] 
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and Group 2; Nonremoval of the recipient kidneys. The recipient ureter 
was anastomosed to the recipient skin at the neck. ‘Transplanted kidney 
without function, recipient organs from a dead dog, transplanted kidney 
and recipient organs which were autopsied at necessary time were all fixed 
in 10°, formalin. Histological study was made on them after being 
stained with haematoxylin cosin (abbr. H-E staining), van Gieson’s method 
(abbr. V staining) and methylene-green pyronin (abbr. M-P staining). 


Results 


[. Group \: Bilateral nephrectomy of the recipient after homologous trans- 
plantation of a kidney 


Experiment: Following homologous transplantation of the kidney, 
dogs became apathic, anorexic, and weak. Some just lied on the floor. 
Blood was taken for test everyday. 5 days after operation, serum showed 


yellow appearance suggesting latent jaundice. No haemolysis was, how- 
ever, noticed. This symptom was considered to be due to uremia, but no 
special test was carried out. Urination from the transplanted kidney 
continued from 1-8 days. The kidney became hyperaemic and swollen. 
Its histology by M-P staining showed interstitial nephritis accompanied 
with pyroninophilic cells, which resembled plasma cells in which cyto- 
plasma was red stained (Fig. 1). Such pathological findings did not only 





Fig. 1. Exp. No. DH 35. Homotransplanted kidney after 8 days. M-P 
staining. 300. Periglomerular accumulation of round cells including 
many pyroninophilic cells. Glomerulus is normal. 


> 
stagnation of blood, central necrosis, infiltration of pyroninophilic cells 
around the blood vessels in the Portal space were observed (Fig. 2, 3). 
IT. Group: No Nephrectomy after homotransplantation of a kidney 
Experiment: As the recipient own kidney was left in the body, the 
dog did not die. ‘The transplanted kidney was not touched till it became 
necrotic and absorbed. ‘The dog was not vigorous till the urination from 


occur in the transplanted kidney, but was also seen in the recipient liver ; 
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Fig. 2. Exp. No. DH 8. Recipient liver after 8 days. H-E staining. 
60. Stasis, hyperaemia, central degeneration and necrosis. Liver cells 


are in degeneration and necrosis. Liver cells are in dissociation. 





Fig. 3. Exp. No. DH 8. Recipient liver after 8 days. M-P staining. 


300. Perivascular accumulation of pyroninophilic cells in the portal space. 


the transplanted kidney stopped. Soon after the renal function of the 
transplanted kidney ceased, the dog became vigorous and walked around 
which seemed to be a interesting observation. ‘The collected serum started 
to show yellow appearance after 5 days. When the absorbed transplanted 
kidney was carefully studied (Fig. 4), the urinary tubules in the glomeruli 
was found scattered like small islands in the muscle of the neck and pyro- 
ninophilic cells were found infiltrating in the surrounding area. The 
recipient own kidney showed the same pathology as that in the trans- 
planted kidney which is shown in Fig. | (Fig. 5). Apparently, no difference 
could be noticed between them. ‘The liver showed a more chronic picture 
than the recipient liver in the Ist experimental group, degenerative changes, 
granuloma in the hepatic parenchyma, infiltration of pyroninophilic cells 
in the portal space, and abundant infiltration around the central vein were 


observed (Fig. 6, 7). 
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Fig. 4. Exp. No. DH25. Homotransplanted kidney after 24 days. 
M-P staining. 60. Following necrosis and destruction of the transplanted 


kidney, it is buried and absorbed in the recipient muscle at neck. 





Fig. 5. Exp. No.DH 39. M-Pstaining. »450. Recipient kidney after 
42 days. Periglomerular accumulation of the pyroninophilic cells, 
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Fig. 6. Exp. No. DH 39. Recipient liver after 42 days. H-E staining. 
«60. Stasis, hyperaemia, central degeneration and necrosis. Granuloma is 


ovserved, 
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Fig. 7. Exp. No. DH 39. Recipient liver after 42 days. 300. Ac- 





cumulation of pyroninophilic cells around central vein. Liver cells are de- 


generative. 


DIscussION 


From the above experiment of two groups, interstitial nephritis which 
is accompanied with pyroninophilic cells will occur in the homotrans- 
planted kidney from 2-8 days, and the kidney will become necrotic due to 
disturbance to the blood vessels, and eventually, it will be absorbed in the 
recipient, which is in accordance with other observations and leaves no 
doubt about it. However, it should be noticed that a similar changes will 
occur in the recipient kidney and liver as well as in the transplanted kidney. 
Reviewing the papers by Dempster and his associates®)!!*) and Simonsen 
et al?) who made an extensive experiment on homotransplantation of 
the kidney, respectively, the former writer did not mention anything on 
the changes which may occur in the recipient kidney and liver, while the 
latter described that “* The liver and the heart showed no definite pathologic- 
al changes—’”’. In our experiment with the first group, the transplanted 
kidney was circulated with the recipient blood for 2-8 days, and the re- 
cipient liver showed stagnation of blood, central degeneration, and _in- 
filtration of pyroninophilic cells around the blood vessels in the portal 
space. In the other experiment with group 2, in which the recipient 
kidney was left intact, a chronic pathological picture in the kidney could 
be studied several days later. It is a new observation that the recipient 
own kidney showed the same pathology as much as that in the transplanted 
kidney. The apathic and anorexic condition after tranplantation of the 
kidney as seen in dogs which belonged to group | and group 2, together 
with latent jaundice was not due to uremia, but may be regarded as hepa- 
torenal disturbance of the recipient dog. ‘The authors consider that the 
cause of hepatorenal disturbance in the recipient is as follows ; ‘Though the 
homotransplanted kidney will become necrotic duc to the living responses 
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of the recipient, the transplanted kidney acts as an independent individual 
as a “ living activity unit”. Consequently, the transplanted kidney and 
recipient will show the identical pathological picture. In other words, the 
transplanted kidney and recipient can act as an antigen to each other. 
The blood which circulates through both bodies will then continuously 
carry a large amount of antigen to cach other, resulting abundant antibody 
production to these antigens, which will eventually cause progressive 
pathology in both dogs in a short time. ‘The destruction of homotrans- 
planted kidney may occur by the following mechanism. In our second 
experiment, despite destruction of the transplanted kidney, relatively 
chronic pathological finding with heavier cellular infiltration than that in 
the first experiment was observed in the recipient liver and kidney. This 
observation suggests that a pathology will occur in the recipient liver and 
kidney regardless the transplanted kidney is dead or alive. In the preced- 
ing paragraph, a word “ living activity”? was used, which menat that 
antigen was not an indispensable condition for the occurrence of homologous 
immunity phenomenon. It is, however, presumed that when transplanted 
kidney is living, a large amount of antigen is rapidly carried and immunity 
phenomenon is rapidly built up. Hitherto, it has been difficult to verify 
the immunity phenomenon between the same species. Pure immunological 
method, i.e., injection of kidney suspension into the homologous animals, 
could not produce the same pathological picture as that in the transplanted 
kidney, which may be due to interrupted administration of a small amount 
of antigen to the immunized recipient animal. Freund'*), Morgen'*, and 
Kabat!®), respectively, performed homologous immunization by adding 
adiuvant to antigen, and were successful to produce organic pathological 
changes in the organs of the immunized recipient animal. By carrying out 
such pure immunological experiment, an effort to confirm the existence of 
homologous immunity phenomonon in homotransplantation of the kidney 
should be continued. 

With the above-mentioned discovery of new informations, the syndrome 
observed in animals with transplanted kidneys which has been left as a 
question among those engaged in the work of homotransplantation of the 
kidney can be explained with ease. ‘This toxic syndrome is consisted of 4 
main manifestations, i.c. lethargy, anorexia, pyrexia and rapidly loss of 


weight. Following transplantation of the kidney, it occures in the recipient 
dramatic way, which weakens the recipient. Once the kidney ceases its 
function, it clears up spontancously despite no care of the transplanted 
kidney. When the recipient is afflicted with this syndrome, it will recover 
dramatically if the transplanted kidney which is excreting urine is remov- 
ed), However, if the recipient own kidney is left intact, the symptoms 
will recur remarkably, which is believed to be a curious syndrome which 
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has no relationship with uremia. Dempster®)!® reported that this syn- 
drome occurred either in auto- or homo-transplantation of the kidney. 
Cultivating the transplanted kidney, B. coli, Ps. pyocyanea, and Staph. 
aureus were found, and bacterial infection was assumed its causative factor 
by him. He stated that terramycin had therapeutic effects for the preven- 
tion of occurrence. Later on, he reported that an unexplained changes 
which occurred in the transplanted kidney was the fundamental cause for 
such syndrome and attributed bacterial infection as a secondary pheno- 
menon. In our experiment, this syndrome did not occur in the auto- 
transplanted recipient kidney, but only in the homologous transplanted 
recipient kidney. Deklerk®’ who found that the recipient was cosinopenic 
and hyponatremic claimed that the transplanted kidney became a stress 
to the recipient, resulting with occurrence of systemic toxic disturbance to 
the recipient. The author also observed that following transplantation 
of the kidney, the recipient became apathic, anorexic which lead to severe 


ased to 


emaciation, whereas in group 2, when the transplanted kidney c 
urinate, this syndrome ameliorated and lead the animal to a life as a 
normal one. As described earlier, once hepatorenal disturbance occurrs 
in the recipient, it may be natural that this syndrome would be observed. 
The reason that the syndrome improves following cease of renal function 
in the transplanted kidney is believed to be due to decrease of renal cir- 
culating blood volume secondary to destruction of the transplanted kidney, 
and the progress of hepatorenal disturbance in the recipient is slowed down 
by stop of living activity in the transplanted kidney, leading to spontaneous 
cure. As our explanation of this syndrome is a different opinion from 
those by Dempster ef al.?)!)'!), and Deklerk®) followup study and com- 
ments from others are expected. 


SUMMARY 


We confirmed that after homologous transplantation of the kidney, 
similar pathological finding was observed in the recipient own liver and 
kidney as well as in the transplanted kidney. It is believed that systemic 
toxic syndrome in the recipient which has not been able to explain so far is 
due to such occurrence of pathology. No one has yet paid attention to 
this new information or has given due significance to it. Followup studies 
and comments are expected on this point. 
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In order to make homotransplantation of the kidney successful, in 
spite of many efforts being carried out!), the etiology of the destruction 
of the homotransplanted kidney still remains to be solved. Anybody 
engaged in this work is concious of the problem, and this holds the key to 
the success of homotransplantation of the kidney. In this communication, 
as part of our work on homotransplantation of the kidney, we are attempting 
to contribute some new informations which may suggest something on the 
etiology of the destruction of the homotransplanted kidney. 

At present, the most agreeable opinion on the cause of destruction of 
homotransplanted kidney which occurrs within several days after trans- 
plantation is the theory that acquired immunity is established between the 
transplanted kidney and recipient*)*)-”), However, the weakest point of 
this theory is that it is impossible to prove antigens from the recipient 
blood in vitro. After homotransplantation of the kidney, we looked after 
antibody by agglutination test and complement fixation test without suc- 
cess. One of the authors (Miura) performed pure immunological method, 
i.e., homologous organ specific immunization by injection of rabbit’s kidney 
tissue plus Freund’s adjuvant using rabbits. ‘Though the above-mentioned 
acquired immunity theory was tried to be substantiated by this method by 
producing histological changes in the homotransplanted kidney in the 
recipient immunized rabbit, the kidney of the recipient immunized rabbit 
only demonstrated hyperaemia of the glomerulus, strong pyroninophilic 
urinal cast in the urinary convuluting tubles (Fig. 1), and no sign of inter- 
stitial nephritis*-*)}" accompanied with pyroninophilic round cell in- 
filtration which is characteristic in the homotransplanted kidney was ob- 
served. According to our pure immunological study, the theory that the 
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Fig. 1. Exp. No. H13. M-P staining. 300. Homologous organ- 





specific immunisation by injection of rabbit’s kidney tissue plus Freund’s ad- 
juvant. Hyperaemia glomerulus and numerous pyloninophilic cast in tu- 


bulues. 


mechanism of destruction of homotransplanted kidney is due to immuno- 
logical phenomenon between transplanted kidney and recipient could not 
therefore be substantiated. 

The author took up the problem of the mechanism of destruction of 
transplanted kidney from a different angle. They say that the surgical 
technique during transplantation of the kidney, i.e., complete interuption 
of the afferent and efferent nerves of kidney and transient anoxia of the 
kidney do not affect the renal function seriously’, Carrel'!?, Demp- 
ster®)15)16) and Williamson!” had survival dogs with only autotrans- 
planted kidneys, and made a careful observation on them for 30 months, 
9 months, and 12 months, respectively. We have also studied a long 
surviving dog with autotransplanted kidney in the pelvis. From the above 
findings, the author reached the following hypothesis ; the only fundamental 
difference of the behavior observed between the homotransplanted kidney 
and normal kidney or autotransplanted kidney is said that once the kidney 
which belongs to individual A is transplanted to individual B, the trans- 
planted kidney is not circulated with blood from A, but circulated with 
blood from a different individual B, which may determine the different 
fate of autotransplanted and homotransplanted kidney. If the whole 
body is placed in a living condition just as the homotransplanted kidney, it 
is considered that the individual will eventually show a picture as a trans- 
planted kidney. An experimental study of cross circulation without con- 
trols as described in the later chapter has been planned. 


EXPERIMENTAL 


Method 


A pair of mongrel adult dogs about the same size and weight was 
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Fig. 2. Chronic uncontrolled cross-circulation in unanesthetized dog. 


Two dogs with same body weight are placed side by side. Blood type is cross- 
matched and left for 30-60 minutes. Confirming that agglutination is negative, 
carotid-jugular anastomosis is performed. 24 hours later, T1825 is injected 
into one dog and sera from both dogs are measured by colormeter 30 minutes 
thereafter to verify that blood from both animals are evenly mixed. ‘The dogs 


are left for 12-144 hours. without anesthesia. 





Fig. 3. See text. 
g 


anesthetized with 2°, morphine 1.5—3.0 cc. 30minutes later, thiopentothal 
sodium 0.3—-0.5 gm. was injected intravenously. Blood from both dogs 
were cross matched and confirmed that they showed negative agglutination 
test for 60 minutes at room temperature. Anastomosis of the blood vessels 
was carried out by end-to-end suture (Fig. 2). Polyethylen tube was not 
used for the anastomosis. Animals were not heparinized. 10°, sodium 
citrate was used to wash the suture line during anastomosis. After recovery 
from anesthesia, the dogs were left in the animal house (Fig. 3), water and 
food were freely given. The following day, 0.5°, T-1825 was injected 
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intravenously in the leg vein of a dog and blood was collected 30 minutes 
later from both animals. Confirming that the concentration of T-1825 in 
serum from both dogs were about the same degree by electrophotometer, 
the circulation was found to be balanced. The urine from both dogs 
were collected everyday and studied. Soon after they died, autopsies were 
performed. All vital organs were fixed in 10%, formalin and stained with 
haematoxylin eosin (Abbr. H-E staining), van Gieson’s method (abbr. V 
method), methylen-green pyronin (abbr. M-P staining), which were sub- 
jected to histological study. 


Results 
The experiment was successful in 7 pairs (Table I). The cross-circula- 


tion was carried out for 12-144 hours. Every dog from which urine could 
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Results of Cross-circulated Animals (7 pairs) 
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be collected showed haematuria and bilirubinuria. At first, the dogs 
walked around and ate in pep, became apathic and anorexic 24—48 hours, 
stopped walking, vomited and eventually all died 12-144 hours later. 
According to autopsy and histological studies, all showed more or less 
similar changes. Macroscopically, the most conspicuous finding was that 
the liver became atrophic, and necrotic lesions scattered around, which 
resembled acute liver atrophy. Other organs did not show remarkable 
macroscopic changes. Histologically, interstitial nephritis accompanied 
with infiltration of pyroninophilic cells (Figs. 4 and 5) was evident. The 
liver showed haemorrhagic central necrosis (Fig. 6), in which healthy liver 
tissues scattered around as islands. In Figs. 7 and 8, infiltration of pyro- 
ninophilic cells were seen in the portal space and around the central veins. 
In Fig. 9, edema and vasodilatation of the brain was remarkable, and in- 
filtration of pyroninophilic cells was also shown around the blood vessels. 
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Fig. 4. Exp. No. Cl’. M-P Staining. 300. The kidney of the 


cross-circulated dog. Cross-circulation time 144 hours. Periglomerular 


accumulation of the pyroninophilic cells. Glomerulus is normal. 
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Fig. 5. ‘we No. Cl’. M-P staining. 300. The kidney of the 
cross-circulated dogs. Interstitial accumulation of the pyroninophilic cells. 
Tubular cells are slightly degenerated. 





Fig. 6. Exp. No. C3. H-E staining. 60. Liver of the cross-cir- 


culated dog. Stasis, hyperaemia, and central necrosis, 
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Fig. 7. Exp. No. C3. M.-P staining. 300. Liver of the cross- 


circulated dog. Cross-circulation-time 96 hours. Periglomerular pyronino- 


philic cell-infiltration in the portal space. 
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Fig. 8. Exp. No. C3. M-P staining. 300. Liver of the cross- 
circulated dog. Cross-circulation-time, 96 hours. Perivascular pyroninophilic 


cell-infiltration surrounding central vein. 
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Fig. 9. Exp. No. C8. M.-P staining. 300. Brain of the cross-cir- 


culated dog. Severe of the brain and perivascular pyroninophilic cell-infiltra- 


tion around the dilated vessel. 
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DiIscussION 


From the above experimental findings, when cross-circulation was 
carried out between two individuals for 12—144 hours regardless matched 
blood type, characteristic pathology occurred in the vital organs, which 
were fatal to the animals. Prof. Kaneyoshi Akazaki from the Pathology 
Department of the Tohoku University discussed this finding as follows ; 
** This pathological finding can be regarded as the same changes as that in 
the transplanted kidney, which may be an allergic or toxic lesion. ‘They 
are not a pathological finding which is seen in patients with diseases, but 
a completely artificial product.” With such pathologist opinion, our 
proposed hypothesis is substantiated. 

In the previous report!®), in our experiment with homotransplantation 
of the kidney, a similar pathology occurred in the homotransplanted reci- 
pient liver and kidney as well as in the transplanted kidney, which was 
caused by antigen between the transplanted kidney and the recipient. As 
the transplanted kidney will act as a living activity unit, the blood which 
circulates through both organs carries these antigens and produces antibody 
reaction. Consequently, the same pathology occurrs in both kidneys. 
The present study showed a common occurrence of pathology in the 
homotransplanted kidney itself, the recipient liver and kidney after homo- 
transplantation of the kidney, and the liver, kidney and brain in the homo- 
logous cross-circulated animals. When the homotransplanted kidney is 
regarded as the other animal in homologous cross circulation, homo- 
transplantation of kidney and homologous cross-circulation can be regarded 
as belonging of the same type of circulation. When a pathology occurrs 
in an individual by this type of circulation, it is natural to think that a 
common pathology will occur. 


19) 
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However, since the first experiment of cross-circulation by Frédériq 
nobody described such organic pathology in the experimental animals. It 


‘ 


is reported*”*) that ‘‘ as there is no danger in blood transfusion of the 
same type, no recognizable pathology occurrs in animals during cross 
circulation.””> With this information, Fischer?*, Potts??, and South- 
worth?) used cross-circulation for the basic experiment in cardiac surgery 
under direct vision, Egdahl**).*®.°7), for homotransplantation of the kidney, 
Bierman*®) and Salisbury*®)*"), for the therapeutic effect on those with 
leukemia and renal disturbances, respectively. Those who used cross 
circulation differ from our opinion. Reviewing their data in details, we 
found that they were not entirely free of observations resembling to ours. 
Firor?? and Southworth*), respectively, described that one of the experi- 
mental dogs died by unknown haematuria. They, however, regarded it 
as an exception, and cross-circulated the dogs without cross matching the 


canine blood type. As they didn’t describe its autopsy findings in details, 
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the real entity is not clear. Confirming that cross circulation didn’t 
disturb the experimental animals*®, Egdahl applied it to homotrans- 
plantation of the kidney®*). Prior to transplantation, he found out that if 
cross circulation was carried out between the donor and recipient, the 
transplanted kidney would be destroyed in an earlier period than that by 
the ordinary method. As it closely resembled to the so-called secondary 
transplantation phenomenon which was observed in homotransplantation 
of tissues or organs, he concluded that cross circulation caused some im- 
munization responses to the experimental animals. Salisbury*!) who ap- 
plied cross-transfusion for the therapy of renal disturbances admitted that 
febrile reaction reaching to 102-103 °F would occur in the donor regardless 
healthy persons were selected or not after 24 hours. In one of the cases, 
Case 6, a 11 years old boy, was cross-transfused with his father as the donor, 
who showed gradual deterioration of the general conditions after trans- 
fusion, became jaundiced and died on the 14th day. Its autopsy findings 
were recorded as follows; acute serious edema of the brain, liver and kid- 
ney, bone marrow atrophy with hyperplasia of reticuloendothclial cells, 
central necrosis of the liver, focal necrosis in the spleen, slight lower nephron 
nephrosis and edema of the brain and liver, concluding that in cross- 
transfusion, unknown * potential risk” is hidden. 

According to our results, as already being stated by Salisbury*!’, cross 
circulation involves * potential risk ’’, which will cause irreversible organic 
pathology in vital organs in the living body in case cross circulation con- 
tinues over a long time and leads the living body to a manifesting risk. 
Consequently, this may be the destroying mechanism of homotransplanted 
kidney. It is easy to understnad that in a certain circulation type, such as 
cross circulation, as being stated by Egdahl**) and Salisbury*”’, homologous 
immunization phenomenon may occur, which we are in agreement. After 
adjuvant was added to a suspension of organs, Freund*), Morgan*?) and 
Kabat™), respectively, carried out homologous immunization and produced 
organic pathology in the immunized animals. One of the authors (Miura) 
was able to produce organic pathlogy by homologous immunization (Fig.1), 
though it may not be identical with the homotransplanted kidney. In 
our first communication'®’, after the homotransplanted kidney died and 
was destroyed, it caused a progressive chronic organic pathology in the 
recipient liver and kidney; and we proposed that antigenicity may exist 
between homologous species. Recently, Simonsen® described that in- 
complete antigen (monovalent antibody) was found in the recipient blood 
after homotransplantation of the kidney, while Bollag*®) reported that 
homologous antibodies with acquired individual specifity in the recipient 
serum after homotransplantation of skin in rabbits, and Michon*® and 


Antoine!’, respectively, found that complement titre and y-globulin in the 
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recipient serum were both elevated after homotransplantation of the 
kidney. Though their observations do not directly explain the destruc- 
tion mechanism of the homotranspianted kidney, it suggests that immuniza- 
tion responses may occur between homologous species. Further investiga- 
tions on this line is expected. 

We have made a contribution on the explanation of the destroying 
mechanism after homotransplantation. As far as we could determine, it 
is a new finding which could not be found in any literature. Followup 
study and comments on this work are desired. 


SUMMARY 


1. In order to clarify the destroying mechanism of the homotrans- 
planied kidney, cross circulation between nonanesthetized homologous 
species were carried out following experimental homotransplantation of the 
kidney. 

2. <All cross-circulated animals died between 12-144 hours after 
cross circulation. Their liver, kidney and brain showed the same patho- 
logical findings as that in the transplanted kidney. 

3. In our first report with homotransplantation of the kidney, the 
same pathological picture occurred in the recipient liver and kidney as 
well as in the transplanted kidney. According to the present experimental 
results, a resembling pathological findings was observed in the trans- 
planted kidney itself, recipient liver and kidney, and vital organs in the 
cross-circulated animals. 

t, ‘This resembling pathological finding common to the 3 organs is 
an artificial product which cannot be observed in clinical pathological 
materials, which is probably allergic or toxic products. 

5. Lhe reason hat a resembling pathological picture will occurr is 
probably due to that the 3 organs are placed in the same circulatory pat- 
tern. ‘The mechanism of destruction of homotransplanted kidney may 
have occurred under the same condition. In such circulatory pattern, 
homologous immunity phenomenon may occur, which needs further 
studies to verify. 

6. Our results and opinion based on these observations are a new 
finding which we couldn’t find in he literature as far as we could look for. 


References 


l \ntoine, J. urol., 1954, 60, 289. 
2 Deklerk, Ann. Surg., 1954, 140, 5, 711. 
3) Dempster, Brit. J. Surg., 1953, 34, 327. 
yeconomos, Mem. Acad. Chir., 1953, 79, 642. 
») Simonsen, Acta path. Microbiol., Scand., 1953, 32, 1. 





34) 





Y. Ishikawa et al. 


Simonsen, ibid., 1953, 32, 36. 

Medawar, Brit. J. Exp. Path., 1946, 27, 9. 
Hume, J. Clin. Invest., 1955, 34, 327. 

Murray, Am. J. Surg., 1954, 87, 4, 508. 

Maluf, Am. J. Exp. Path., 1946, 27, 9. 
Quinby, J. Exp. Med., 1916, 23, 535. 

Lefebure, C. R. Soc. Biol., 1951, 145, 1895. 
Murray, Surg. Form., 1954, 241. 

Carrel, J. Exp. Med., 1911, 65, 91. 

Dempster, Ann. Roy, Coll, Surg. Eng., 1950, 7, 257. 
Dempster, Acta, Med. Scand., 1952-53, 144, 360. 
Williamson, J. Urol., 1926, 16, 231. 

Ishikawa, Tohoku. J. Exp. Med., 1957, 67, 11. 
Fredericq, Arch. Biol., 1890, 10, 127. 

Enderin, Miinch. Med. Wschrit., 1910, 57, 1865. 
Firor, Am. J. Physiol., 1931, 96, 141. 

Egdahl, Surg. Gyne. & Obst., 1956, 102, 2, 450. 
Fischer, An. Surg., 1952, 136, 475. 

Potts, Surg., 1952, 31, 1, 161. 

Southworth, Arch, Surg., 1952, 64, 58. 

Egdahl, Am. J. Physiol., 1955, 182, 3, 454. 
Egdahl, Science, 1955, 122, Aug., No. 3162, 5. 
Bierman, Blood., 1951, 6, 6, 487. 

Salisbury, Proc. Soc. Exp. Biol. Med., 1947, 71, 604. 
Salisbury, ibid., 1950, 74, 16. 

Salisbury, Am. Med. J. Sci., 1952, 223, 2, 151. 
Freund, Annual. Review Microbiol., 1940, 1, 291. 
Morgan, J. Exp. Med., 1947, 85, 131. 

Kabat, ibid., 1947, 85, 117. 


Bollag, Experientia, 1956, 12, 2, 5 
Michon, Presse méd., 1953, 61, 141 


/. 
( 


). 








The Tohoku Journal of Experimental Medicine, Vol. 67, No. 1, 1957 


Reflection of Spreading Induction 
in the Human Retina 


By 


Koiti Motokawa and Mitsuo Komatsu 
(A IL GL, —) Gh #& = K) 
From the Physiological Laboratory, Tohoku University, Sendai 


Received for publication, May 21, 1957 


INTRODUCTION 


It was found by Motokawa” that the indirect induction caused by 
a colored light at any retinal area disappears when a remote region of the 
retina is illuminated by another colored light complementary to the former. 
This phenomenon was attributed by Motokawa to a kind of intereaction 
between the indirect induction caused by the first colored light and a cer- 
spreading induction” initiated by the 


‘ 


tain propagated process called ‘ 
second colored light. The intereaction is called ‘“ neutralization”’, be- 
cause this phenomenon occurs only when two colored stimuli are com- 
plementary to each other. 

It was further shown that the propagation of spreading induction is 
blocked when there is a retinal image or an after-image of a white bar on 
the way of propagation. Motokawa e al.*) measured the propagation 
velocity of spreading induction in human and animal retinac, utilizing 
the phenomena of neutralization and blocking mentioned above. Kata- 
yama and Aizawa*) used a quite different method of approach for measuring 
the velocity of spreading induction in the human retina, and obtained re- 
sults consistent with those obtained by the previous authors. 

The question was raised as to the mechanism of the blocking action 
of a white light upon the spreading induction. In the present investiga- 
tion it has been elucidated that the blocking action is due to reflection of 
spreading induction at the after-image of a white bar; as a mirror is 
to light, so the after-image of a white bar is to spreading induction. ‘This 
relation will be demonstrated by various examples in the following. 


EXPERIMENTAL 
Method 


The electrical excitability of the dark-adapted retina was measured by our 
routine method which was described in a previous paper). In the present 
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experiment both kinds of retinal induction, direct and indirect, were used for 
detecting the spreading induction. ‘The procedures to measure direct and in- 
direct inductions are as follows: The dark-adapted eye is exposed first to a 
colored patch for 2 seconds, and then to a white test patch 1 mm. in diameter 
with a dark interval of 2 seconds between them. The white light illuminates 
the same retinal area as the preceding colored light for measuring direct induc- 
tion, but when indirect induction is to be measured, the white test patch must 
be presented outside the pre-illuminated area closely to its margin. The dis- 
tance between the white test patch and the margin of the colored patch was 
usually 2 mm. in the present investigation. 

All these patches were presented on a vertical screen standing at a distance 
of 30cm. in front of the subject’s eye. 

An electric stimulus, a single rectangular pulse of 0.1 second, was given 
with a certain delay from the end of the white test light. The electrical ex- 
citability of the dark-adapted eye rises above normal after the white light stimulus 
and attains a maximum at |, 1.5, 2 and 3 seconds for red, yellow, green and blue 
inducing colored lights respectively, when the procedure of indirect induction 
is used, but at 2.5, 3 and 1.5 seconds for red, yellow and blue inducing lights 
respectively, when the procedure of direct induction is used. The excitability 
curve for direct induction induced by green light shows two maxima at | and 
3 seconds. 

The percentage increase of electrical excitability or reciprocal of threshold 
was denoted by £. The £ value for successive stimuli, colored and white, is 
usually greater than that for the white test light alone, and the difference be- 
tween both values is designated a “contrast effect’? (C.E.) The contrast 
effect is a function of the intensity of the inducing colored light, but independent 
of the intensity of the white test light, the period of exposure and the dark interval 
between both photic stimuli. 

In the study of reflection three kinds of patches, an inducer, a reflector and 
a detector, were used. The inducer I was a colored patch to initiate spreading 
induction. The reflector R consisted of a white straight line, whose after-image 
served to reflect spreading induction. The detector D which was a device to 
detect spreading induction, consisted of a colored patch and a white test patch. 
The arrangement of these patches and the temporal sequence of their presenia- 


tion will be mentioned together with the results. 


Results 


1. Reflection of spreading induction at an after-image of a white line 

The arrangement of three patches I, R and D and the temporal 
sequence of their presentation are shown in Fig. 1. The patch Se is a 
white screen to protect the detector from the spreading induction coming 
directly from the inducer, and this screen also serves to produce a beam 
of spreading induction incident upon the reflector R. 


The set of patches actually used is shown in Fig. 2. The patch 0 
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Fig. 1. Arrangement of patches and temporal sequence of their pre- 
sentation. I: Inducer. R: Reflector. D: Detector. Sc: Whit 
screen. Wh: White test patch. Fixation point is indicated by across. In- 


terval t between Wh and electric test shock S was fixed at 1.5 sec. for a pai 


of yellow D and blue I, and at 1 sec. for a pair of red D and blue-green I. 
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Fig. 2. Set of patches actually used. It consisted of 4 sheets of blacl 





paper with cuts such as D, R, etc. See text as to operation of this set. 


with a wide rectangular opening was fixed, and the other patches 1, 2 and 
3 were hinged to patch 0. Patch | had three cuts Sc, R and D which 
served as a screen, a reflector and a detector respectively. The cut D 
alone was covered with a yellow filter. Patch 1 was folded manually 


by the subject from bottom to top, and illuminated from behind with 
white light of 30 lux for 2 seconds. In the dark interval following the 
illumination the patch was folded back to the initial position, and patch 
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2 was folded in turn from left to right so that it might be illuminated from 
behind by blue spectral light of 470 mu for 2 seconds. In the dark interval 
following the second illumination patch 3 was folded from right to left to 
illuminate the cut Wh with white light of 30 lux for 2 seconds. At 1.5 
seconds from the end of the third illumination an electric stimulus S was 
given to measure the electrical excitability at its peak. This procedure 
was repeated till an electrical threshold was reached. As the period of 
each exposure and the dark interval have no effect upon the result, as 
stated above, they may be changed, but the interval intervening between 
the white test light and the electrical stimulus should be fixed at 1.5 seconds, 
as far as a yellow detector is used. 

The result obtained is represented in Fig. 3, in which contrast effects 
are plotted against distances from the middle of the detector. From the 
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Fig. 3. Contrast effects (C.E.) at yellow detector D. Inducer I was 


blue light of 470 mz. C.E. is zero at the middle part of D (neutralization), 


law of reflection it may be predicted that neutralization will occur at the 
middle of the detector’ if the spreading induction with an incident angle 
of 45° is reflected by the reflector. As can be seen in Fig. 3. values of 
C.E. are zero in the range from —5° to 5°, while they are as high as 23 
at the other parts of the detector. This finding indicates that the angle 
of reflection is equal to the angle of incidence (the law of reflection). 

In another series of experiments a combination of a red detector and 
a blue-green inducer was used instead of the combination, yellow and 


blue. As the complementarity needed for complete neutralization is 
more rigid for the pair of red and blue-green than for that of yellow and 
blue, some preliminary experiment had to be done to assure complete 
neutralization with the red and blue-green combination. The result 
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Fig. 4. C.E. at red detector. Inducer was blue-green light of 490 mu. 


Neutralization is seen in middle part of D (see continuous curve), but no 


neutralization in experiment without reflector (see broken curve). 


obtained with this pair is shown in Fig. 4. In this case, too, neutralization 
occurred only in the middle region of the detector. In control experiments 
carried out without presenting the reflector R under otherwise one and 
the same conditions as above, no neutralization occurred anywhere at the 
detector (see the broken curve in Fig. 4). 

The law of reflection could be shown with any incident angles other 
than 45°. 

Next, the reflection at a colored reflector was investigated in com- 
parison with that at the white reflector used above. In this experiment 
the reflector was made of the same color as the red detector. With this 
arrangement it was shown that neutralization occurred in the same manner 
as with the white reflector, if the intensity of the inducer was made suffi- 
ciently strong. 

In order to make comparison of the amount of spreading induction 
reflected by the red reflector with that by the white reflector, some quanti- 
tative experiments were performed. ‘The intensity of blue-green light 
illuminating the inducer was varied, and the threshold intensity of inducer 


just necessary for complete neutralization at the middle of the detector 


was determined for the red and the white reflectors. The data obtained 
are represented diagrammatically in Fig. 5. In this figure, the intensity 


of inducer is expressed in terms of physiological units. One physiological 
unit means the threshold intensity of blue-green light (490 my) for the 
dark-adapted fovea, the patch being 2° in visual angle. As can be seen in 
this figure, the threshold intensity of inducer for complete neutralization is 
about 9 for the white reflector, and about 18 for the red one. From this 
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Fig. 5 ymmparison of white and colored reflectors. Arrangement of 
patche in Fig. 1. Detector is red, and inducer blue-green. Reflector 
was covered with red filter. Ordinates: C. E. at the middle of red D. Ab- 
scissae : Intensity 


of blue-green inducer in physiological units. Continuous 
, and broken one to that with red 
hicher for red reflector than 


curve refers to experiment with white reflector 


Threshold intensity for neutralization i 


finding and the property of the white reflector as a perfect mirror it may 
be said that about half the incident spreading induction was lost at the red 
reflector. As will be shown in further reports, spreading induction is 
reflected totally at a white reflector, while only a part of it is reflected 
at a colored reflector. The spreading induction can reach the other side 
of a colored reflector by refraction, while no spreading induction can be 
proved on the other side of a white reflector. 
9 


i 


Reflection of spreading induction by an elliptic reflector 

From the law of reflection established above, it may be inferred that 
the spreading induction set up by an inducer placed at a focus of an elliptic 
white reflector must converge into the other focus after reflection. This 
will be shown by neutralization at a detector placed at the focus. A pair 
of complementary inducer and detector similar to those used in the pre- 
ceding experiments may be used, but it will be more convenient to apply 
a simpler method in which a single light source common to all patches 
will do. The arrangement of patches and the procedure will be explained 
by the example shown in Fig. 6. 


The inducer I and the detector D were blue spots of the same size. 
The vertical white b 


} 


ar Sc in the middle of a white elliptic reflector R is a 
screen to prevent the spreading induction set up by the inducer from reach- 
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Fig. 6. Arrangement of patches and temporal sequence for experiments 





of reflection by an elliptic white reflector. Notations for patches the same as in 
Fig. 1. I and D were circular patches of the same size covered with blue 
filters of the same quality. White test patch Wh was presented at the same 


point as D. 


ing directly the detector D. ‘The patches were presented in the order 
shown in Fig. 6. When the detector is of the same color as the inducer 
there occurs neutralization between the direct induction at the detector 
and the spreading induction coming from the inducer. For example, the 
direct induction at D is blue in character and will be neutralized by the 
spreading induction which is yellow in character. The advantage of the 
use of direct induction for detecting spreading induction consists in that 
the same light source may be used for the inducer and the detector, and 
that there is no need to ascertain the complementarity between two colored 
lights for inducer and detector. ‘The disadvantage is that direct induc- 
tion Is sometimes too strong to be neutralized by weak spreading induction. 
Especially one must be careful not to use a too large detector for the reasons 
to be stated later. 

Five measurements with the elliptic reflector and as many control 
experiments without the reflector were carried out. ‘The result obtained is 
represented in Table I. Values of C.E. were found almost zero at the 
detector in all the five experiments, while they were as high as 25 in all the 
control exaperimnts. ‘This finding indicates that no spreading induction 
reached directly the detector because of the protective action of the white 
screen Sc. It follows that the neutralization found at the detector in the 


experiments with the elliptic reflector was really caused by the conver- 
gence of reflected spreading induction into the focus following the law of 
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TaBLe | 
Reflection of Spreading Induction by an Elliptic Reflector 


See Fig. 6 





With reflecting ellipse Without reflecting ellipse 
No. of experiments = 
‘A C.E. g C.E. 
l 27.0 0 51.0 24.0 
2 29.6 2.6 51.0 24.0 
3 23.9 -1.7 50.5 23.5 
4 28.1 1.1 oa.c Zi.2 
5 28.1 1.1 i 26.2 


reflection. 

3. Reflection of spreading induction by a parabolic reflector 

From the law of reflection it may be derived that the spreading induc- 
tion caused by an inducer placed at the focus of a parabolic reflector will 
proceed in the direction parallel to the axis of the parabola after reflection. 
This was actually evidenced by the following experiment. The patches 
used are shown in Fig. 7. The inducer I and the detector D were blue in 
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Fig. 7. Experiment with a parabolic white reflector. I and D were 
blue patches. Ordinates: C.E. at various parts of D. Neutralization is 


seen except for at the middle part of D screened by Sc. (see continuous curve). 


No neutralization is, however, seen in experiment without R (see broken 
curve). 
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hue and of the same intensity, that is, 30 lux measured at the patches 
covered with blue filters. ‘The horizontal white line was a screen to prevent 
the spreading induction from reaching directly the detector. The result 
is shown by a continuous curve marked by solid circles in the same figure. 
Values of C.E. were found to be zero within the limits of error in the parts 
of the detector at which the spreading induction was expected to arrive. 
On the contrary, no neutralization occurred at the part of the detector 
which was screened by the white bar from spreading induction. The 
broken curve marked by crosses refers to a control experiment performed 
without the parabolic reflector under otherwise the same experimental con- 
dition as above. In the control experiment no neutralization occurred 
anywhere at the detector. It is apparent from this finding that no spread- 
ing induction could reach the detector without the parabolic reflector. 
These experiments indicate that the spreading induction reflected by the 
parabolic reflector proceeds in the direction parallel to the axis of the 
parabola, as can be predicted from the law of reflection. 

In this connection some remarks on the error in these experiments 
seem to be necessary. The error of measurement of electrical excitability 
is about 2 in terms of €. Therefore such small deviations as 2 or 3 from 
zero value of C.E. were neglected, and it was concluded that a complete 
neutralization occurred. As a matter of fact, values of C.E. obtained in 
experiments of neutralization are either zero or as high as 20 or so, inter- 
mediate values being very rare. In other words, neutralization occurs 
nearly in the manner of all-Or-none. In consequence, the result is always 
so clear-cut that there seems to be no room for misunderstanding or mis- 
takes in judgement of neutralization. In reality, however, there is a situa- 
tion which can cause a serious mistake. ‘This situation will be mentioned. 
In our routine method which has proved to be the best one, we reduce the 
stimulating voltage step by step until a real threshold is reached. In such 
measurements we encounter very often two stages at which discrimination 
of electrical phosphenes from the background activity of the retina becomes 
very difficult. When the subject is not well-trained, he will stop at one 
of the two stages mentioned above. If the experimenter is not aware of 
this situation, he will take the voltage at this stage for a true threshold and 
make no further trials with reduced voltages. In experiments of neutraliza- 
tion one of the two stages of difficult discrimination corresponds to the 
threshold for the dark-adapted, not pre-illuminated retina and the other 
to the threshold for the retina pre-exposed to the white test light alone. 
When the second apparent threshold is mistaken for a true threshold, the 
value of C.E. apparently becomes zero, and it will be taken for neutraliza- 
tion. Whether it is a true threshold or not will be decided easily with a 


few further trials; discrimination of phosphenes will become casier with 
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further reduced voltages if it is an apparent threshold, but discrimination 
will remain still difficult if it is a true threshold. 

4. Selfneutralization of retinal induction by reflection 

As has been stated above, the direct induction caused by a colored 
light and the spreading induction initiated by it are in character com- 
plementary to each other. ‘Therefore it may be supposed that the direct 
induction set up at the center of a circular reflector will be neutralized by 
the reflected spreading induction caused by the same inducer. A series 
of experiments with arrangement of patches such as shown in Fig. 8 was 
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Fig. 8. Experiment with circular reflectors whose radius r was variable. 
C: Red circular patch of 2mm. in diameter. Exposure time of C was 10 
msec. White test patch Wh was also 2 mm. in diameter and presented at the 


same point as C. 


performed to prove the convergence of spreading induction into the center 
of the circle after reflection. In the first experiment of this series the 
inducing red patch used was 3 mm. in diameter, while a white test patch 
of 1 mm. in diameter was used. ‘The radius of the reflecting circle was 
20mm. We failed, however, in showing the expected convergence of 
spreading induction, because no neutralization occurred with this arrange- 
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ment and the temporal sequence shown in this figure. When the size 
of the red inducing patch was reduced to 2mm., the value of C.E. de- 
creased to 4,1, as is shown in Table II. This value is a little greater than 
TABLE II 
Dependence of Neutralization at the Center of a Circular Reflector 


of 20 mm. in Radius upon Diameter of Inducing Red Patch, 
White Test Patch being 1 mm. in Diameter 





Diameter of red patch Order of 5 CG} 
in mm. measurement ? 
2 3 4,1 +] 
3 2 37.1 17.1 
3 1 33.0 18.0 
Control (without reflector) ] 39.2 19,2 


the experimental error of our measurement, but very near to zero. ‘There- 
fore it may be said that a partial neutralization has occurred. It was 
obvious that no “ selfneutralization ’’ occurred when the size of the in- 
ducer was too large. A patch of too small size, say 1 mm. in diameter, 
was found not suitable for this purpose, either, because it was diflcult to 
vet exact coincidence of the two successive stimuli, that is, the inducer and 
the white test light, owing to insufficient fixation of the eye. ‘Therefore 
the inducer and the white test patch were made 2 mm. in diameter in the 
other series of experiments, and complete sclfneutralization could be 
obtained at the center of the reflecting circle. ‘The failure of selfneutraliza- 
tion with too large inducing patches may be explained as follows: ‘The 
reflected spreading induction has to penetrate a large field of direct in- 
duction caused by a large inducer to reach the center of the circle at which 
neutralization is tested by the white test spot. ‘The greater the diameter 
of the inducing patch, the greater the field to be traversed by the reflected 
spreading induction, and the greater the amount of energy lost on the way. 
The spreading induction weakened in this way will not be effective any- 
more. 

The energy of the spreading induction must be more concentrated 
at the center of the circle than anywhere in the circle. The question was 
raised as to whether or not self neutralization occurred at eccentric posi- 
tions within the circle. ‘The data represented in Table III indicate that 
complete neutralization was seen at a point 2 mm, from the center, but 
that none could be seen at further eccentric positions. This finding 
provides indirect evidence that the reflected spreading induction actually 
converges into the center of the circle, as can be predicted from the law 


of reflection. 
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TABLE III 
Selfneutralization at the Center of a Circular Reflector and at 
Various Eccentric Positions within the Reflector 








Distances from center of Order of - CE. 
reflector in mm. measurement - 

0 4 15.0 -2.8 

2 l 17.2 ~0.6 

3 5 34.3 16.5 

t 2 38.5 20.7 

10 3 37.8 20.0 


For selfmeutralization to occur the reflected induction must arrive at 
the center of the circle before the direct induction existing there is tested 
by the white test light. If this notion is correct, selfneutralization must be 
a function of the radius of the reflector circle, and this is actually the case, 
as is shown in Fig. 8. The colored stimulus used was a flash of red light 
lasting 10 msec., and the interval separating this stimulus and the sub- 
sequent white test one was fixed at 1.5 seconds. ‘The colored flash light 
was used in order to make clear the moment at which spreading induction 
was sct up. The continuous curve marked by solid circles in this figure 
indicates that no compiete selfneutralization was seen with reflecting 
circles greater than 20 mm. in radius. With a circle of 21.5 mm. in radius 
the neutralization was found either partial or complete, and with a circle 
of 23.5 mm. in radius almost no neutralization occurred. From. these 
findings it is obvious that the critical radius lies between 21.5 and 23.5 mm. 
A circle of 35 mm. in radius was surely too great to obtain neutralization 
for the given interval of 1.5 seconds between the colored and the white 
test stimulus. However, this does not always hold for a much longer time 
interval; for example, complete neutralization was obtained in an ex- 
periment carricd out with a reflecting circle of 35 mm, in radius when the 
interval in question was made 3 seconds. ‘This finding indicates that 
selfneutralization at the center of a reflecting circle is a function not only 
of its radius, but also of the interval. And this is quite natural if the self- 
neutralization is caused by the reflected spreading induction having a 
definite propagation velocity. The velocity is given by the ratio of the 
distance traveled by the spreading induction or twice the critical radius 
determined above to the time interval of 1.5 seconds. If the mean of 
21.5 and 23.5 mm. is adopted as the critical radius for the interval of 1.5 


seconds, a propagation velocity of 


value refers to the visual field at a distance of 30 cm. in front of the eye. 


()mm. per sec. is obtained. This 


When the posterior nodal distance of the eye is assumed to be 17 mm., a 


value of 1.7 mm. per sec. is obtained as the propagation velocity in_ the 
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retina. This value is identical with the mean value of several measure- 
ments performed by Motokawa e¢ al.*) with a quite different method of 
approach and also in close agreement with the value obtained by Kata- 
yama and Aizawa* with another different method. 

Thus the present method represents the third one for measuring the 
propagation velocity of spreading induction in the retina. 

It is of great importance that the three different methods have yielded 
consistent results, although they were used by different experimenters and 
applied to different subjects. 


SUMMARY 


By the method of electrostimulation the reflection of spreading in- 
duction in the human retina was investigated. Spreading induction is 
a propagated process initiated by a colored light and has an effect to ex- 
tinguish or neutralize a physiological after-effect of another colored light. 

1. The propagation of spreading induction is blocked by a white 
line or its after-image existing on the way of propagation. 

2. The direction of propagation is so changed by a white line as it 
follows the law of reflection. 

3. When spreading induction is set up by a colored light placed at 
one focus of an elliptic white line figure, so it converges into the other 
focus. 

!. When a colored spot is presented at the focus of a parabolic white 
line figure, the direction of propagation of spreading induction becomes 
parallel to the axis of the parabola. 

5. Ifa colored spot is presented at the center of a circular white line 
figure, the retinal induction caused by the colored light is neutralized by 
the reflected spreading induction. ‘This phenomenon is called * self- 
neutralization ”’. 

6. The propagation velocity of spreading induction was measured 
utilizing the phenomenon of selfneutralization. ‘The value obtained by 
this method showed close agreement with those obtained by different 
methods of approach. 
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Urine was collected from various cancer patients and from normals, and 
Nakagawa fraction?) of them were liberated from the part precipitable at pH 
4.5 from water and that which precipitates on addition of trichloroacetic acid 
to 3.39%, subdivided by means of acetone and of sodium sulfate, and finally 
fractionated with alcohol in the presence of barium acetate. A KIK factor 
thus isolated from the cancerous urine gave one symmetrical boundary after 
electrophoresis as well as after ultracentrifugation. N 11.9%, hexosamine 
5.9%, ash 3.1%. fa]p (water 125°. It caused more than 10% decrease 
of the number of erythrocytes when injected intravenously into rabbits in dosage 
of 0.05 mg. per kg. body weight. The corresponding fraction of normal urine 
proved homogeneous in the same respects, contained 10.8% N, 5.9% hexosamine 
and 2.2°% ash, and had the [a]) (water) value of —100°. It lacks the anemia- 
inducing potency. However, either of the substances did lessen the liver- 
catalase activity distinctly and did not the blood- and kidney-catalase activities 
at all, when their 0.5 mg. amounts were injected intraperitoneally into mice. 
They also did not bring about depression of the liver-catalase activity in vitro. 


Details will be published shortly in this journal. 


References: 1) Kozawa, Iwatsuru & Kawaguchi, Folia haematologica, 1937, 57, 251. 
2) Nakagawa & Kasai, Nippon Naikagakkai Zasshi (Jap.), 1951, 40, 312. 
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H ; ; sa ; a 

d It has been discovered that, in cancerous ascitic fluids, a KIK factor 

ly which is dialyzable is present besides the undialyzable’’. ‘The more simple 

on the molecule of a KIK factor is, the more expedient it is for study of its 
er partial structure inducing anemia. Hence, that KIK factor was isolated 

ne and examined. The substance, however, proved to be no more than a 

se kind of glucidamin of lower molecular weight than the undialyzable. 

ge 

ne EXPERIMENTAL 

ne 

‘a Preparation Procedure 

“r- 1) 5-10.52. of united cancerous ascitic fluids with original 

ies stomach was adjusted to pH’6.8, filtered or centrifuged to remove insoluble 

ce. componenis and distilled in vacuo at below 40°C to 1/5-1/6 the volume. 

10. condensate was dialyzed (cellophane membrane) against three successive 3 /. 
portions of distilled water, stirring up outer fluid vigorously and each dialysis 
taking | day. Then the inner fluid was condensed to half the 

ol. dialyzed against two successive 3/. portions of distilled water as above. 





volume and 


dialysates (Some were combined when convenient) were acidulated to pH 6.8 
by the aid of 10% HCl and distilled in vacuo as far as possible, and about 7 
volumes of abs. alcohol were added to the still-residues containing an abundant 


amount of inorganic salts, followed by thorough agitation. Centrifuged. 


centrifugates were washed with alcohol and placed together in a desiccator 
(CaCl,)—Fr. 1. This was a chiefly inorganic matter. The average yield of 


Fr. 1 after many runs was 5 g. per /. of ascitic fluid. 


2) 25g. of mixed Frs. 1 was dissolved in 830 cc. of water (The solution 
was brown, turbid and of pH 6.0), acidified to pH 5.0 and centrifuged. 
supernatant was alkalinized to pH 9.0 with 10% NaOH and again centrifuged. 

The supernatant here was neutralized and passed through a cation exchange 
and an anion exchange resin alternatively at the rate of 200 cc. per hour, em- 
ploying two 29 x4 cm. columns of Amberlite IR 120 (H+ form) and two columns 
of Amberlite IR 45 (OH~ form) of the same size as the former, and washed with 
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1.5-2 /. of water at the rate of 300 cc. per hour. The final effluent (pH 7.0, 
water-clear) and washing were distilled together in vacuo to about 2 cc., 20 cc. 
of abs. alcohol and 0.5 cc. of abs. alcohol saturated with anhydrous sodium 
acetate were added, and the mixture was stood for 30 minutes at room tem- 
perature. The deposit was centrifuged, washed with 10 cc. of abs. alcohol 
and dried in a desiccator (CaCl,)—Fr. 2. 

2.7 g. in total of Frs. 2 was obtained from 96 J. in all of ascitic fluids of 20 
gastric cancer patients (Rivalta +, sp. gr. 1.0i7—1.022, pH 7.1-8.2). 

In order to scrutinize if the substances adsorbed on the resins contained any anemia- 
inducing factor or factors, those were eluted with 1 N HCl or 0.3. N NaOH, and the eluates 
were neutralized, condensed to a small volume and precipitated with alcohol. They proved 
ineffective for causing anemia. See Table I. 

3) A 700 or 600 mg. portion of Frs. 2 mixed was dissolved in 20 cc. of 
distilled water. The yellowish solution of pH 6.8 was chilled on ice, added to 
with abs. alcohol to 80°% (v/v) under agitation and stood for 30 minutes with 
continuous cooling. The deposit was separated in a centrifuge, repeatedly 
(3-4 times) precipitated from 2-3 cc. of water with 5 volumes of abs. alcohol 
and dried. 42 mg. of a white powder was given—Fr. 3. The total yield from 
all of Frs. 2 (2.7 g.) was 167 mg. 

4) The Frs. 3 were dissolved together in 10 cc. of 90% (v/v) phenol, and 
abs. alcohol was added to 35° (v,v) in small portions. The flocculent preci- 
pitate was centrifuged off, washed with changes of abs. alcohol and of ether 
and placed in a desiccator (CaCl,). (No substance, which is alcohol-precipi- 
table, remained in the mother fluid.) 164 mg. of a white powder was given— 
Prep. I. 

117 /. in all of ascitic fluids of 2 nephrosis patients (Rivalta —, sp. gr. 1.018- 
1.019, pH 7.4-7.6) was also subjected to the procedure above and 13+ mg. of 
a product corresponding to Prep. 1 was given—Prep. 1’. 


Properties of the Preparations 


Anemia-inducing potency. It was assayed according to Masamune and Kawa- 
saki?), using rabbits weighing 2.0-2.7 kg. Prep. 1 caused 11-13°%, decrease 
of the number of erythrocytes when rabbits were injected with it in a dose of 
0.05 mg. per kg. body weight, whereas Prep. |’ was inactive, that is, 10°, or 
more decrease of the number of erythrocytes did not occur even after injection 
of 5 mg. per kg. body weight of it. The results are embodied in Table I. 

The potency of Prep. 1 was not damaged by heating with water at 100°C 
nor by agitation with glacial acetic acid at room temperature nor by refluxing 
with ethanol : 

i) ‘Two 1 mg. portions of the substance were dissolved in 2 cc. of water 
pH of the solutions 6.0) and heated in a sealed tube at 100°C for 1/2 or | hour. 
When cold, the solutions were appropriately diluted, and after addition of NaCl 
to 0.9%, injected into rabbits in a volume corresponding to 0.05 or 0.1 mg. per 
kg. body weight of the substance. No reduction of the potency was recognized 
at all. See Table I. 
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Anemia-inducing Potencies of the Intermediate Products and of 
; the Preparations as Such and after Treatments 
] Number of red cells 
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> Material “om . Time after injection fluctuation (22) 
$ Body —_ injected os a (hrs.) 
” 2 wt.ikg.)~~ a3 sn5 mat 
. os = r & 3 @ & Indivi- Average 
O24 = dual ‘ 
d i om 
i1/1s ¢ 0.5 574 572 543 481 487 484 16.2 
F =} 2 2 . ‘ . 507 436 427 393 423 445 18.5 | : 
yf a re ) —_ , 
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O Pi oe 2g 540 516 503 497 458 481 15.1 
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9 | 2.0 re} 0.1 541 | 493 459 439 437 441 17.4 i} 17.2 
d 10,;23 » oe ” 351 321 305 304 310 308 7 \¢-*"= 
i, | 23 Ce 0.05 572 561 539 501 550 543 12.4 | _ og 
= 12 | 2.1 ” 628 588 585 545 589 576 2 1 
r 
a 13 | 2.3 2 re 0.05 570 | 536 491 521 510 513 12.1) 
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. 16 2.0 = : a 0.1 662 630 624 624 575 591 13.0 \_14.9 
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of 18 | 2.5 oe eh a 0.05 658 | 609 582 617 621 608 11.5 
1I9 |} 24 $ Agitated w. 0.05 655 , 612 569 580 598 623 11.6 | 
gl. acetic 12.6 
20 2.2 ac. for 1 h. " 151 415 396 390 401 431 —13.7 J 
A- 
se os | 20 $ 0.05 608 565 524 520 525 517 13.0 
of Boiled w. | 
22 | 2a ” abs. alcohol ” 563 549 545 499 535 501 10.0 11.6 
Tr for | h. | 
mn 3. | 26 567 509 500 512 505 525 12.0 
C 4/23 6/7 ae 0.1 619 596 594 639 596 573 7.4 
a 5 2.0 a Z 580 580 547 575 578 557 1.9 4.2 
. 26 | 2.1 2 é 2 934 553 542 545 537 539 0.59 
CI 724: % si 0.1 568 | 548 530 515 502 527 12.0 
- 28.210 =» oe ill Fs " 553 531 502 486 469 46 15.0 13.3 
C 9 | 2.0 9 Siszis » 526 «510 510 488 452 477 13.0 
er =| 98 
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Number of red cells 








. : ; Incmm. x 104 
a Ra . _ = Maximum 
y A , ep = I 
AG ge Mate ria ae ; lime after injection fluctuation (7) 
$ Bod: Sex injected Se = (hrs.) 
gZ U(kKg.) a= a 
S = Indivi- en 
z 2 5 4 ) y ener Average 
33/20 8 2 2 I 465 459 457 500 484 470 1.7 
4122 9g $09 605 569 560 572 578 581 7.4 | 
3 24 8 ae 393 400 390 384 400 374 — 2.3 | ” 
62.1 38 540 540 520 519 538 548 3.9 
e 7 ; " . eres par 
37 | 2.4 2. asad ] 652 639 615 646 636 642 5.6 | 
—- ag 4.4 
382.2 48 a5 563 564 549 586 551 549 3.3 (J 
Site ¢@¢ |.) ~ 200 516 534 520 540 524 510 ly 
ZS ig| % 2.1 
40/21 » \én| | Se ; 932 532 523 546 515 527 3.2 |) 
Ze be & 
41 | 2.0 Lie = 200 517-517 521 533 496 499 4.9 | 
= a E. 5.4 
2/21 6 3 = 543 543 553 517527 514, — 5.9 J 
4324 8 556 548 519 516 517 527 7.2 60 
4,22 » oe ” 616 635 609 613 586 595 4.8 : 
45 2.2 » ous 5 497 490 492 484 490 481 3.2 tay 
46 2.6 ” 532 520 510 493 494 503 6.0 |f ” 
ii) 3mg. of the substance was covered under 2 cc. of glacial acetic acid 


for | hour, stirring occasionally, and centrifuged. The centrifugate was washed 
with abs. alcohol, dried and dissolved in physiological saline to inject into 
rabbits in a dose of 0.05 mg. per kg. body weight. No decrease of the number 
of erythrocytes occurred (Table I). 

iii) 3mg. of the substance was boiled with 5 cc. of abs. alcohol under 
reflux for | hour. Centrifuged. The centrifugate here was treated as in ii). 
No reduction of the potency was observed (Table I). 

Electrophoresis. Prep. 1 and |’ were examined in acidic and alkaline buffers. 
They gave patterns with only one boundary. Their mobilities in each of the 
buffers are discrepant not only from each other but also from that of the un- 
dialyzable ascitic KIK factor (Cf. Sugimoto!). See Fig. 1. 

Solubility. Not only are the preparations soluble in water of any pH value 
but also dissolve in 90°%, phenol contrary to the undialyzable KIK factor and 
the corresponding inactive mucoproteins from the non-cancerous ascitic fluids 
(Cf. Sugimoto’). They are insoluble in abs. methanol, abs. alcohol, ether, ace- 


tone, glacial acetic acid and unprecipitable from water with trichloroacetic acid. 
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SC. ASC. 


Fig. 1. Electrophoretic patterns (2/3 of 1°, solutions of Prep. 1 
and |’ (bd) in acetate buffer pH 4.6, I 0.2 (I) and phosphate buffer pH 7.8, I 
0.2 (II). Current 8mA; temperature 15°C. Exposure 2 hrs. after starting 
current. Mobility : 

: 0.3 x 0.011506 x 0.3 > a 

Prep. 1 at pH 4.6: = 1.9 cm*volt~!-sec! x 1075 

7200 0.008 

_ 0.4 x 0.015063 x 0.3 

at pH 7.8: = ‘ 2.4 

7200 x 0.008 

, 0.1 x 0.007322 x 0.3 

Prep. 1’ at pH 4.6: —- - 0.39 

7200 x 0.008 

0.2 x 0.007322 x 0.3 
7200 x 0.008 


™~ 


0.74 ” 


at pH 


Optical rotation in water. 


het: 32.1° (pH 7.0) 

rep. 4 MW eddbe ) /. 

is “1D ~~ 9.0109 1 MF 
—0.647 x 1 

rep. 1’: [a]22 57.8 7.0) 

Prep. 1’: fo] 00112321 ) (pH 7.0 


In respect with optical rotation, Prep. | differs from Prep. I’ as well as 
the undialyzable KIK factor from the same source (Cf. Sugimoto!) 

Ultraviolet absorption. Ultraviolet spectra of the products (Fig. 2) show 
each a maximum absorption between 270 and 280 my characteristic to cyclic 
amino acids. 

Test-tube tests. The results will be tabulated. 


. eer: ‘ . 
Reaction Preparation 


l iy 
Molisch {i rm 
siuret 4 4. 
Test for P —_ ox 
Bial-Mejbaum for pentose a re 


Sugar paper chromatography. 6 mg. of substance was hydrolyzed by heating 
with 0.6 cc. of 1 N H,SO, at 100°C for 5 hours in a sealed tube. When cold, 
the hydrolysate was neutralized with the satd. baryta to pH 5.6 and centrifuged. 
The centrifugate was washed with hot water. The supernatant and washing 
were united and evaporated in vacuo over anhydrous caicium chloride at 35°C. 








48 M. Haga 


L0r 





Ogr 


0.8F 


O7- : () () 


4 | 


a4 9 99 





-f09 
S&S 
Cas 
c= 








| AVA 
e \ | A 44 
| rh 19909 




















a | You 
i. af, hese - =—_= = — = L L — | 
220 240 200 280 300 320 
' 
Wave-length (mz) aceite =. 
Fig. 2. Ultraviolet spectra of 50 mg?z solutions of Prep. 1 (a) and 1’ (6). 


Fig. 3. Sugar paper chromatograms of Prep. 1 and I’ (2/15). De- 
veloped by descending irrigation with Solvent butanol-pyridine-water (5:3:2 
by volume) for 15 hrs. (A) or with Solvent n-butylacetate-acetic acid-alcohol- 
water (3:2:1:1 by volume) for 12 hrs. (B) at 23°41°C. Indicator aniline 
hydrogen phthalate reagent of Partridge. Paper slivers Toyo Roshi filter 
paper No. 2, 60% 13cm. Reference runs effected with 122 solutions with 
respect to individual non-amino sugars and aminosugar hydrochlorides. 

a, a’: reference run. 6: Prep. 1. c: Prep. 1’. 1: galactosamine ; 
2: glucosamine; 3: galactose; #4: glucose; 3: mannose; 6: xylose; 7: 


‘ 


L-fucose. 


The dry residue was dissolved in 0.06 cc. of water, and 0.03 cc. portions corres- 
ponding to 3 mg. of the unhydrolyzed substance were applied on slivers of Toyo 
Roshi filter paper No. 2 to chromatograph after Masamune and Yosizawa?). 
As shown in Fig. 3, galactosamine, glucosamine, galactose, glucose, mannose, 


xylose and/or lyxose and L-fucose were detected. 

Quantitative analyses. The analytical figures are embodied in Table II. The 
quantitative composition of the dialyzable KIK factor (Prep. 1) diverges from 
that of the undialyzable from the same source (Cf. Sugimoto"). The difference 
between Prep. 1 and 1’ consists chiefly in the fact that the carbohydrate moiety 
of Prep. | is larger than the corresponding moiety of Prep. 1’. The equivalent 





nt 
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ratios of the sugar components do not differ between the preparations, that of 
sialic acid excepted. 


Loss of Anemia-inducing Potency of 
Prep. 1 due to Partial Degradation 
The dialyzable KIK factor was subjected to partial degradation with 
various mild hydrolysis agents and assayed with respect to the anemia-inducing 
potency as a preliminary experiment of structural study of the active grouping. 
Comp. with Table I. 
TABLE II 


Composition of the Preparations 





In equivalents per equivalent 


In per cent ; 
Analysis wong 
Prep: | ig ] : 
N* 7.5 9,2 7.8 9.2 
Hexosamine} 14.0 iZ7 1.0 1.0 
Galactose? 9,2 8.1 0.6 0. 
Glucose LS 13 0.1 0.1 
Mannose} 10.1 8.5 0.7 0.7 
L-Fucose§ 2.7 1.7 0.2 0.2 
Xylose or lyxose as xylose/; 1.7 1.0 0.1 0.1 
Sialic acid{ 14.8 9.3 0.6 0.4 
Ash * * <- ae 5.7 
* Micro Kjeldahl. + Masamune and Yosizawa.* +t Masamune and 
Sakamoto.°? § Masamune and Sakamoto.® Masamune and Saka- 


moto’”’. § Werner and QOdin®) (the direct Ehrlich reaction); Calcd. as 
C,,;HygNOg, (Cf. Werner and Blix®’ and Blix ef ai). ** Pregl method with- 
out use of H,SO,. 


alkalinization. 2me. of the 


I Heating with physiological saline afte 
KIK factor was dissolved in | cc. of physiological saline, adjusted to pH 10.0 
with 0.7 N Na,COQOs, and after sealing in a tube, heated in a water-bath for 1/2 
hour. When cold, the hydrolysate was neutralized with 1 N HCl, diluted with 


off 


physiological saline and injected into rabbits as above in a dose of 0.1 mg. per 
ke. body weight as expressed as the unhydrolyzed substance. Practically no 
reduction of the number of erythrocytes occurred. 

2) Heating with 0.1 N acetic acid. 3mg. portions of the factor were dis- 
solved in 1 ce. of 0.1 N acetic acid and heated in a sealed tube at 100°C for 
1/2 or 1 hour. The hydrolysates were diluted after neutralization with 0.1 N 
NaOH, injected into rabbits in a volume corresponding to 0.1 or 0.05 mg. of 
the unhydrolyzed substance per kg. body weight. No decrease of anemia- 
inducing potency was found. In the control a sodium acetate solution of the 


same concentration was injected. 
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3) Heating with | N acetic acid. 4 mg. of Prep. 1 was heated with 1 cc. of 
1 N acetic acid for | hour similar to above. And the hydrolysate was evaporated 
repeatedly in a vacuum desiccator containing anhydrous calcium chloride and 
solid caustic soda at room temperature, adding alcohol from time to time, and 
dried when the acetic acid was mostly expelled. The residue was taken up in 
physiological saline and injected into rabbits in a volume corresponding to | mg. 
of the preparation per kg. body weight. ‘The anemia-inducing potency was 
found lost. 

4) Heating with 0.1 N HCl. 4mg. of Prep. 1 was treated with 1 cc. of 
0.1 N HCI as in 3) and neutralized with 0.1 N NaOH, the saline concentration 
was adjusted to 0.994, and the solution wss diluted with physiological saline 
appropriately and injected into rabbits in a volume corresponding to 1 mg. per 
ke. body weight of the substance before hydrolysis. The assay indicated that 
the potency of the factor had been damaged. 

In short, the dialyzable factor is so unstable that it loses the potency when 
heated at 100°C with physiological saline alkalinized to pH 10, 1 N acetic acid 
and 0.1 N hydrochloric acid. 

Next it was tried to investigate which are sugar components essential for 
the potency. 

a) 12mg. of the dialyzable KIK factor was heated with 3 cc. of 0.1 N 
acetic acid in the same manner as in 2), and the hydrolysate was freed from the 
acetic acid as in 3). The evaporated residue was dissolved in 0.06 cc. of water, 
and two 0.03 ce. portions of the solution were separately sampled on slivers of 
Toyo Roshi filter paper No. 2. Irrigation was effected in a descending way. 
One of the chromatograms was developed with Solvent n-butylacetate-acetic 
acid-ethanol-water (3:2:1:1 by volume) of Masamune and Yosizawa®) and 
indicated with the aniline hydrogen phthalate reagent of Partridge. It showed 
a spot at the position corresponding to L-fucose Fig. 4A). The other chromato- 
sram was developed with Solvent butanol-pyridine-water (3:2:1.5 by volume) 
of Blix et al and indicated with the Ehrlich reagent of Partridge! (a solution 
of 1.6. of p-dimethylaminobenzaldehyde in a mixture of 30 cc. of alcohol, 30 cc. 
of conc. hydrochloric acid and 180 cc. of butanol). Here spots of sialic acid 
were shown (Fig. 4B). The control was carried out as follows. 12 mg. of the 
same preparation was dissolved in 3 cc. of 0.1 N acetic acid, evaporated to expel 
the acetic acid as in the main run without previous heating and chromato- 
graphed. No spot of -fucose nor a spot of sialic acid appeared in the chromato- 
grams here. 

b) 10mg. of the substance was heated with 1 cc. of 1 N acetic acid and 
freed from the acetic acid as far as possible by evaporation as in 3), adding water 


instead of alcohol from time to time. The final dry residue was taken up in 
1.5 cc. of water. The insoluble part was rejected, and the clear solution (pH 2.0, 
tinged yellow-brown) was agitated with 0.5 cc. of Amberlite IR 120 (H* form), 
filtered and washed with 4 cc. of water. The filtrate and washing were set 
aside. The resin was stirred up with 3 cc. of | N HCl and filtered. The eluate 
was neutralized with 2. N NaOH to pH 5.6 and made up to 5cc. with water, and 
2 cc. of the solution was treated with acetylacetone and Ehrlich reagent according 
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Fig. 4. Showing the paper partition chromatograms (2/15 ) of Prep. | 
and its hydrolysate with 0.1 N CH;COOH. Developed by descending irriga- 
tion with Solvent n-butylacetate-acetic acid-alcohol-water (3:2:1:1 by volume 
for 12 hrs. (A) or with Solvent butanol-pyridine-water (3:2:1.5 by volume 
for 20 hrs. (B) at 23°4%1°C. Reference runs effected with 1°, solutions 
with respect to individual non-amino sugars and aminosugar hydrochlorides 

a, a’, a’: reference run. 6: Prep. 1. c: the hydrolysate of Prep. 1. 
1: galactosamine ; 2: glucosamine ; 3: galactose: 4: glucose ; 5: mannose ; 


6: xylose ; 7: 1L-fucose; @: sialic acid from bull submaxillary gland (4 spots). 


to Elson and Morgan. The pink color that appeared showed a spectrum with 
maximum absorptions near 510 and 540 my like as the corresponding colour 
given by glucosamine. See Fig. 5. On the other hand, the solution itself 
showed no absorption at the wave-lengths near 260-270 my nor positive Molisch 
reaction. The filtrate and washing set aside was neutralized to pH 6.8 with 
1 N NaOH, evaporated in vacuo over solid caustic soda and anhydrous calcium 
chloride to 1.5.cc. The condensate was chilled on ice and fractioned with in- 
creasing volumes of abs. alcohol. The precipitate at the range of alcohol con- 
centration of 40-60% (v/v) (No deposit occurred until abs. alcohol was added 
till 40%) (Div. 1) amounted to 4 mg. and that at the concentration range of 
60-80% of alcohol (Div. 2) to Img. The mother fluid of Div. 2 was evapor- 
ated as above in a desiccator to dryness. The residue was dissolved in 2cc. of 
water and shaken with 0.5 cc. of Amberlite IR 120 (H+ form), and the resin 
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Fig. 5. Absorption spectrum of the eluate from Amberlite IR 120 after 
treatment by Elson and Morgan method, when Prep. 1 was hydrolyzed by 
heating with 1 N acetic acid and fractioned. 

a: the eluate. 6: 5 mg?é glucosamine hydrochloride was sub- 


jected to Elson-Morgan reaction. 


1 


was filtered off and washed with three | cc. portions of water. The filtrate and 


washings were placed together in a CaCl,-containing desiccator at room tem- 


perature, and a chromatogram of the dry residue was developed with Solvent 


butanol-pyridine-water ,(5:3:2 by volume) as above. Spots were given at the 


positions corresponding to galactose and L-fucose and/or xylose. See Fig. 6. In 
the control run, a solution of Prep. 1 in | N acetic acid similar to the one above 


was evaporated without previous heating and the residue was chromatographed 


immediately in the same way. Here, none of spots corresponding to galactose 


and t-fucose and/or xvlose was given. 


6 mg. of the preparation was heated with | cc. of 0.1 N HCl as in 4 


and when cold, the hydrochloric acid was eliminated as the acetic acid was in 


The residue after complete evaporation was dissolved in 0.04 cc. of water 


and chromatographed by the aid of the mixture of butanol, pyridine and water 


of Masamune and Yosizawa.) ‘Two spots corresponding to galactose and 1- 


fucose, xylose and or lyxose were indicated, but no distinct spot corresponding 


to hexosamine was recognized. Sce Fig. 7. 
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Fig. 6. Showing the paper partition chromatograms (2/15 of Prep. I 














and of its hydrolysate by heating with | N acetic acid. Developed by descend- 
ing irrigation with Solvent butanol-pyridine-water (5:3:2 by volume) for 
15 hrs. at 23°41°C. Indicated with aniline hydrogen phthalate reagent of 
Partridge. Paper sliver Toyo Roshi filter paper No. 2, 60° 13cm. Referenc 
runs effected with 1°,, solutions with respect to individual non-amino sugars 


and aminosugar hydrochlorides. 


‘: reference run. 6: Prep. 1. ¢: the hydrolysate. /: galactosamine 
2: glucosamine; 3: galactose: #4: glucose: 3: mannose: 6: xvlose: 7: 
L-lucose. 
Fig. 7. Showing the paper chromatogram (2/15 of the hydrolysate 


of Prep. | by heating with 0.1 N hydrochloric acid. Developed and indicated 


as in Fig. 6. Reference runs effected with the same solutions as in Fig. 6. 
9 


1, a: reference run. c: the hydrolysate. /: galactosamine; 2: glucos- 


amine; 3: galactose; 4: glucose; 5: mannose; 6: xylose; 7: L-fucose. 


look to be indispensable for displaying the activity. 


SUMMARY 








From these chromatographic and spectral findings, it has been revealed 

g 
that parts at least of L-fucose and of sialic acid in KIK factors have no connec- 
In addition, all the galactose molecules 


A dialyzable KIK factor (Prep. 1) was isolated from cancerous 
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ascitic fluids and a corresponding mucoprotein (Prep. 1’) from the non- 


cancerous in clectrophoretically homogeneous state, and their properties 


were examined. 


9 


Prep. | and 1’ both were composed of galactosamine, glucosamine, 


galactose, glucose, mannose, L-fucose and xylose and or lyxose. 


9 


da. 


Prep. 1 differed from the undialyzable factor from the same 


source in quantitative-analytical figures of the sugar components, optical 
rotation, electrophoretic mobility and solubility and from Prep. 1’ in protein 
and sialic acid contents, optical rotation and electrophoretic mobility. 


t, 


Prep. | was not deprived of the anemia-inducing potency by 


heating with water at 100°C, agitation with glacial acetic acid and boiling 


with alcohol. 


J. 


The anemia-inducing potency of Prep. 1 was not damaged by 


heating at 100°C with 0.1 N acetic acid, notwithstanding that parts at 
least of t-fucose and of sialic acid were cleft off thereby. The potency 
was destroyed when the substance was heated with slightly alkalinized 
physiological saline, 1 N acetic acid and 0.1 N hydrochloric acid. Judg- 
ing from the chemical findings in these cases, all the molecules of galactose 


look to be indispensable for the ac tivity. 


Through the Grant Committee for Scientific Researches the Ministry of 
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INTRODUCTION 


For the study of anthracosis, it is of importance to make it clear 
whether silicosis might be induced by coal dust. The massive silicotic 
gxxxxxxxxfibrosis so frequent among colliers has been accepted as mainly 
due to the silica dust of the rocks that are always found in coal fields as 
sandstones and shalestones. Many'-*) recent authors, however, showed 
doubt about this theory, since the number of silicotic cases among the 
colliers detected by accurate medical examination with the latest excellent 
radiography is always apparently too high to justify such an assumption, 
But it has been difficult to ascertain the actual extent of silicotic lesions 
caused by coal dust alone, because the dust inhaled by coal-miners always 
includes both coal and rock particles. 

The etiology of the silicosis so frequent among the colliers thus has not 
yet been adequately explained. ‘The author of this paper, in view of this, 
has undertaken the experiments described hereunder for obtaining informa- 
tion on the effect of unmingled coal dust in the lung tissue. Indeed, there 
has been no report on experimental anthracosis produced by artificial 
inhalation of pure coal dust to date. 


EXPERIMENTAL 
Mi thods 


In order to ascertain the actual effect of coal dust in causing lesions 
in the lung tissue over a long period of time, it was seemed better to rely 
on the method of inhalation rather than of intratrachale injection for pro- 
ducing experimental pneumoconiosis, though it costs a great deal of labor 
for a long time. 

Animals: 30 rats, including males and females, about 4 months of 
age and weighing 200 g. on the average were used. 

Coal dust: Coal from the Joban coal fields was used as raw material, 
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56 
a kind of soft coal, containing 16.2°, of ash. On chemical analysis, this 
ash was found to consit of 46.16°, of SiO, (total silica), 5.06°% of FesOs, 
15.23°, of AlkOs, 17.48%, of CaO, 0.55°, of MgO, 1.60% of K,O and 
8.54°, of SOs. It contained 4.24%, of free silica as determined by N.A. 
Talvite’s method. In the total coal dust, this content of free silica account- 
ed for the mere 0.67 °,. 

The samples of coal were ground to dust in a ball mill. In order to 
prevent mixing of silica fractions from the pot and the balls, the inside 
of the pot was coated with a rubber film and lumps of coal were used 
instcad of the balls. 

Using this coal dust, the rats were exposed to a high concentration 
of coal dust 12,000 to 15,000 particles per cc. of air in the dusting cabinet. 
Upon testing, the coal dust in the dusting cabinet was found to contain 
82°, of particles below 3 micron in diameter, particles of over 5 micron 
being only rarely found. The dust blow was given for 5 hours each on-six 
days every week, except in summer, when the blow was limited 4 hours 
each on three days every week. 

Duration of experiments: The experimental animals were sacrificed 
at about one months’ intervals and the series of experiments extended over 
a total of 802 days. 

Histopathological technique: Routine necroscopy was carried out on all 
the sacrificed animals as well as those found dead. The lungs were gently 
extended by injecting about 10 cc. of 10°, formal saline into the trachea 
exposed at the neck, then extracted with the tied-off portion of the trachea 
and fixed in 10°, formol saline, for more than 4 days. The blocks were 
then treated with hematoxilin-cosin and by Mallory-Azan method or 
silver impreganted by Bielschowsky’s method or with Van Gieson’s stain. 


Results 


The pathological changes produced in the lungs of the animals have 
been assessed according to Belt and King’s®? classification, into the 5 drades 


of fibrotic lesions: Grade 1, loose reticulin fibers without collagen forma- 
compact reticulin fibers with or without collagen forma- 


t 


tion; Grade 2 
3, slightly cellular but almost entirely collagenous ; Grade 


tion; Grade 
4, wholly collagenous and completely acellular, and Grade 5, acellular, 
collagenous and confluent. 

The pathological grading obtained, together with the number of days 
of survival and the modes of death of the animals are summarized in the 


following Table I. 
Gross appearance of the lung: At the beginning, or within 100 days of 


the experiment, the naked-eye appearance of the lungs and the pleura 
of the rats exposed to coal dust inhalation showed no difference from those 
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TABLE [I 


Assessment of Fibrosis in Sections of Lungs of Rats to Inhaled 
Natural Coal Dust 





Productive alterations of lung tissue 


Days of | Hours | Mode 


Days of | . ,7 Rac eae , 
survival inhala- — 7 st h |! irade of From of | Reticulin | Collagen Hyaline 
ae a fibrosis fibrosis fibers fibers degeneration 

8 7 +2 K 0 0 0 0 0 

15 12 70 K 0 0 0 0 0 

19 14 84 K 0 0 0 0 0 

62 45 270 K 0 0 0 0 0 
84 62 332 K 0 0 0 0 0 
92 64 344 D 0 0 0 0 0 
100 68 372 K l Spot Loose 0 0 
1 2¢ 82 482 K 0 0 0 0 0 
172 124 726 D l Spot Loose 0 0 
172 124 726 K 0 Spot 0 0 0 
260 161 958 K ] Nodular | Loose 0 0 
305 161 958 K 2 Nodular | Compact | Slight 0 
42] 186 1156 D 2-3 Nodular | Compact | Slight 0 
. Nodular ‘ aa 
¢ - . e. 
423 186 1156 K 3 feciontale Compact | Slight 
- Nodular : 
52 f . , ac , ac 
923 186 1156 K 3-4 head Compact | Compact 
. 2 Br ps Nodular ' 
950 4 - on ‘ ar 
608 259 1554 K f details Compact | Compact 
a 2 — . Nodular ' 

‘ 95¢ RE oe = ' rr 
708 259 1554 K t ennchile Compact | Compact 
en: 95 ne 3 Nodular . ; ' 

802 259 1554 D 4-5 pees Compact | Compact L 


K: Killed; D: Died. 


of normal rats. On the 172nd day, small pin-head form black spots were 
found on the surface of the upper part of the lungs, which grew steadily in 
size and consistency as the experiment went on. These nodular spots 
were usually rough and irregular in form. Finally, the spots fused together 
and were scattered all over the surface of the lung. 

The presence of a standing infectionus prcess in the lung, however, 
facilitates the activation of the coal dust inhaled, so that fibrotic foci develop 
earlier in greater abundance. In the infected cases, black-grayish nodules, 
about 1 to 2mm. in diameter were found on the lung surface within 305 
days of experiment already. 

Upon observation of the lymph nodes, the tracheobronchial lymph 


nodes of ca. 5 to 7 mm. in diameter, black and firm, were seen in the cases 
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on the 423rd and the 523rd days of experiment, By the 608th, the 708th 
and the 802nd days, these nodules were found grown to 6 to 8mm, in 
diameter. 

Microscopic findings. In the early stage, coal dust particles were seen 
distributed diffusely throughout both the lungs (Fig. 1). On the 100th 
days, there was a plenty of dust particles lying free within the alveoli. In 
some areas, dust cells were collected into smal! aggregates but there was 
no evidence of fibrosis (Fig. 2). Upon 172nd days, nodular lesions with 
aggregation of coal dust particles were found in the sections of the lung. 
These nodules were observed consist of loose net-works of reticular fibers 

Vig. 3). By 423th days, the dust lesions were found to have grown into 
the characteristic stellate form usually found in the lungs of colliers. In 
addition, these dust foci were cach surrounded by focal emphysemata, so 
that the resemblance to the lesions in the colliers’ lungs is further enhanced 

Fig. + and 5). The reticulin fibres in these lesions were thicker and more 
compact, 

On the 523th days, the stellate dust macule of the coal dust became 
more pronounced in the sections, in some places these dust macules having 
grown thicker and the centre of these stellate nodules became acellular 
and hvaline degeneration (Fig. 6 and 7). 

The lesions, as found on the 608th days, were well-formed round no- 
dules. ‘This appearance of progressive fibrosis was particularly noticeable 
in the subpleural areas. ‘These nodules were rather acellular and retinulin 
fibres had replaced collagen fibres (Fig. 8 and9). Near the end of the 708 
days’ experiment, these nodules became confluent and the fibrosis ad- 
vanced steadily, and in 802 days from the beginning of the experiment, the 
enhanced fibrotic nodules having confluent, acellular, collagen fibres and 
hyalin degeneration were found, mainly in the subpleural areas of the upper 
part of the lungs (Tig. 10, 11 and 12 

In the course of this experiment, the lung tissues sampled from two 
rats that died on the 172nd and the 305th days respectively were observed 
the influence of the bacteriological factor. ‘These nodules were larger 
and round compared with the non-infected dust macules. The large 
nodules, ca. 1.5 mm. in diameter were found in the sections of the lungs on 
the 305th days. These infected nodules were histologically observed in 
many variations. ‘This nodules were composed of numerous giant cells 
and dust cells with coal dust particles. Outside these nodules there were 


epitheloid cells, and lymphoid cells and in their central areas severe necrosis 
was observed. So that this nodules were like the tuberculous feature. 
These infected nodules showed also many reticulin fibres (Fig. 13 and 14). 
In the tracheobronchial lymph nodules only many drifts of coal dust 
were observed in the early stage. Within 305 days of the experiment, the 
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histological findings of the nodules were not as those of the fibrosis in the 
lung tissues On the 523rd days, these lymph nodules were found to have 
fused together and formed enlarged cuboid nodules, containing thick and 
closely packed reticulin fibres. In some areas of the nodules, reticulin 
fibres had replaced collagen fibres. The progress is illustrated in Figs. 
15, 16, 17 and 18. 


DIsCcUSSION 


It is apparent from the foregoing results that the silicotic nodules can 
be produced in the lungs of rats by inhalation of mere coal dust without the 
intervention of rock dust, and it may be reasonably inferred that the in- 
halation of the simple coal dust can able to cause silicotic nodules in the 
lung tissue of rat. 

On these experimental findings, the important thing is that the same 
stellate dust-macules as found in the lungs of colliers were produced in the 
lungs of this experimental animals, and silicotic fibrosis developed from 
these stellate dust foci. Morcover, the severe focal emphysemata produced 
around these stellate dust foci are also in close resemblance to such lesions 
in the anthracotic lungs of coal-workers. In short, the author has succeeded 
in obtaining lesions quite like the lesions in the lungs of silicotic colliers 
from this experimental anthracosis induced in rat’s lung by inhalation of 
the simple coal dust. 

In the past, most investigators on this subject have opined that the in- 
halation of mere coal dust is-not effective in producing massive fibrosis, not 
to speak of silicotic fibrosis. So, the typical silicosis frequent in coal-miners 
was attributed to the effect of the inhaled dust of siliceous rocks always 
present in coal pits. Concerning the histological findings of the anthracotic 
lungs of coal miners, the pathogenic effect of coal dust alone was seemed 
to produce the stellate form stadium of fibrosis at the limit, all the stadia 
bevond that being attributed to the effect of rock dust and not of the coal 
aust, 

The etiology of the massive fibrosis frequent among the coal miners, 
however, was not clearly established owing to the lack of adequate study 
on the pathogencity of mere coal dust in the lung tissue. James?) (1954 
believes that tuberculosis is an essential factor. Another view is that a 
primary exposure to coal dust and a subsequent exposure to high concen- 
tration of silica cause the disease. 

It is true that coal dust always contains a small portion of free silica 
dust, for example the coal dust I used in my experiments contained 0.67%, 
of it. Considering the severity of the fibrotic lesions observed in_ this 
experiments, it is quite unreasonable to incriminate this small content of 
silica as the prime causative factor causing such a massive silicosis. The 
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quantity of free silica contained in coal dust seems to be too small to cause 
silicotic fibrosis to such an extent. The author concludes therefore that 
silica is not responsible here and wishes to suggest that the causative factor 
must be the total coal dust itself containing a minute quantity of silica 


element. 
It is needless, I think, to add that silica dust of rocks is mixed in the 
coal dust in a more significant proportion, the fibrosis would be more 


progressive. 


b, 


CONCLUSION 


It is possible to produce experimental fibrotic anthracosis in the 


lungs of rats by artificial inhalation of mere natural coal dust. 


es 


s 


The fibrotic lesions due to coal dust progressed to the stadia of 


silicotic nodules with collagenous and hyaline degeneration. 


. 


Infective process in the course of the experimental anthracosis 


speeded up the formation of fibrosis. 


4. 


From these results, we are led to conclude that coal dust itself is 


effective enough in causing silicotic changes in the lungs of experimental 


rats. 
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Fig. 1. Survival term 62 days. Exposure 270 hours. H. E. 100. 


The coal dust particles are seen slightly in the alveolar walls of lung from a rat 
which received powdered coal dust. 

Fig. 2. Survival term 100 days. Exposure 372 hours. H. E. 150. 
Note that focal accumulations of coal dust are localized to region of sub- 
pleural area and showing thickening of alveolar walls. 

Fig. 3. Survival term 172 days. Exposure 726 hours. H. E. 100. 
Showing nodular focal accumulations of coal dust cells with some loose reticulin 
fibers (grade 1 fibrosis). 

Fig. 4. Survival term 423 days. Exposure 1156 hours. H. E. 100. 
Showing scattered stellate dust foci of reticulin fibers and accumulations of coal 
dust particles (grade 2 fibrosis). 


Fig. 5. Some case in Fig. 4. Silver strain. 100. Note that reticulin 
fibers in the stellate dust macule are seen thickly and compactly. 
Fig. 6. Survival term 523 days. Exposure 1156 hours. H. E. 100. 


Showing scattered stellate dust foci with compact reticulin (grade 3 fibrosis). 
Note that each stellate foci have focal emphysemata, 
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Fig. 7. Some case in Fig. 6. Silver stain. »*120. Note that the 
centre area of this stellate foci are seen collagenous and hyaline degeneration 
grade 4 fibrosis). 
Fig. 8. Survival term 608 days. Exposure 1554 hours. H.E. 100. 
Note that the centre of the stellate dust foci shows more prompt structure 


that of the case in Fig. 6. The features of this dust foci are resemble to round 


nodular form. 
Fig. 9. Survival term 608 days. Exposure 1554 hours. H.E. x 100. 
Showing well formed round nodules with collagenous and hyaline degeneration. 
Fig. 10. Survival term 708 days. Exposure 1554 hours. H.E. » 60. 
Showing conf!uent nodules of densely packed collagen (grade 4 and 5 fibrosis). 


Fig. 11. Some case as in Fig. 10. Silver stain. 60. Showing multi- 


ple silicotic nodules (grade 5). 
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Fig. 12. Survival term 802 days. Exposure 1554 hours. H. E. 20. 
Showing crowded and multiple silicotic nodules of fully collagenous fibrosis 
(grade 5). 


Fig. 13. (infective type). Survival term 172 days. Exposure 726 hours 
H.E. «100. Showing round and confluent coal dust macule without taking 
the stellate form of dust macule. 

Fig. 14. (infective type). Survival term 305 days. Exposure 958 
hours. H.E. 30. Showing a large round nodule having the aggregation 
of coal dust particles. 

Fig. 15. (on the feature of the tracheolymph nodule). Survival term. 
305 days. Exposure 958 hours. H. E. 20. Showing only many drifts of 
coal dust particles in the lymph nodule without having reticulin fibers. 

Fig. 16. (on the feature of the tracheolymph nodule). Survival term. 
523 days. Exposure 1156 hours. Silver stain. 20. Showing scattered 
accumulations of coal dust with compact reticulin fibers and densely collagen 
in the lymph nodule. 
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Fig. 17. (on the feature of the tracheolymph nodule). Survival term 
608 days. Exposure 1554 hours. Silver stain. 30. Showing dense and 


swollen reticulin fibers in medulla of tracheobronchial lymph node. 





Fig. 18. (on the feature of the tracheolymph nodule). Survival term 
708 days. Exposure 1554 hours. Silver’ stain, 30. Showing many 


hyaline silicotic nodules in medulla of tracheobronchial lymph node. The 


= dense and reticulin fibers are stained black by silver salts. 
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Effect of Adrenaline on Blood ATP Level 
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Numerous studies have been made to clarify what is the fundamental 
metabolic disturbance in diabetes mellitus. Our knowledge of this prob- 
lem to-day might be briefly summarized as follows. There are three 
principal disturbances of carbohydrate metabolism in diabetes mellitus. 
The first is the disturbance in the phosphorylation process of glucose into 
glucose-6-phosphate by hexokinase and adenosine triphosphate (ATP) ; 
the second is the disturbance in aerobic oxidation of pyruvic acid; and 
the third disturbance is the decreased production of high energy-bound 
phosphate. The first disturbance is aggravated by the third disturbance. 

The depletion of ATP in diabetic coma rat liver and the decreased 
phosphorylation of thiamine in diabetic rat liver homogenate, which were 
found by Kaplan and his co-workers” and Foa and his colleagues?) respec- 
tively, indicate the disturbance of ATP formation or of oxidative phos- 
phorylation in diabetes mellitus. Most of these findings were obtained in 
experimental diabetic animals and it is doubtful whether the metabolic 
disturbances of human diabetes are the same as those of experimental 
ones. Our studies reconfirmed that the fasting blood ATP level of diabetic 
patients and the liver seven minutes hydrolyzed phosphorus level of 
alloxan diabetic rabbits without severe ketosis were the same as those of 
nondiabetic test subjects and normal rabbits.*) The present study was 
undertaken to confirm the effect of adrenaline on human blood ATP 
level, and to determine whether the fluctuation of blood ATP provoked 
by adrenaline administration is not different between normal adults and 
nonketosic diabetic patients. 


EXPERIMENTAL 
Method 


Five diabetic patients and five healthy adults were chosen for this 
study. After an overnight fast, 0.5 mg. of adrenaline hydrochloride 
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(Sankyo Company) was injected subcutaneously and blood specimens 
were obtained by antecubital venipuncture for the blood ATP estima- 
tion prior to, and every one hour after adrenaline injection for five hours. 
Other blood specimens were collected from the ear lobe for the blood 
sugar estimation. ‘The test subjects were kept in bed during this study. 
Estimation of blood ATP. The blood ATP was estimated as “ pyro- 
phosphate ” fraction obtained by ten minutes’ hydrolysis with boiling 
normal hydrochloric acid, after which the liberated inorganic phosphorus 
was measured by the Lohmann’s procedure*’®), 2.0 cc. of venous blood 
was pipetted into a test tube containing 2.0 cc. of 3.8%, sodium citrate 
solution; 4.0 cc. of 10°, trichloroacetic acid was added to this test tube ; 
the mixture was shaken vigorously and filtered. 3.0c.c. of filtrate and 
3.0 cc. of 2 N HCI were pipetted into a test tube and shaken. After the 
pipetting of 2.0 cc. of this mixture into 25 cc. volumetric flask for the 
determination of blood inorganic phosphorus, this test tube was covered 
and immersed in a boiling water bath for just ten minutes. 2.0 cc. of the 
boiled mixture was pipetted into 25 cc. volumetric flask for the deter- 
mination of acid-labile phosphorus of ATP. 5.0 cc. of 2.5°% ammonium 
molybdate 5 N H,SO, solution, 1.0 cc. of a-aminonaphtholsulfonic acid 
solution and adequate amount of water were added to these volumetric 
flasks; kept at 37°C for ten minutes and cooled by running water. De- 
termination of phosphorus was made photoelectrically with a 640 filter. 


Results 


Blood ATP. A decrease in blood ATP was produced by the injection 
of adrenaline in both nondiabetics and diabetics. In the normal group, 
blood ATP was lowest at 2nd hour and returned to the initial level or 
over the initial value within five hours except in one case (Fig. 1). In 
the diabetic group, the blood ATP decreased remarkably and reached the 
lowest value at 2nd hour in three of the five cases and at 4th hour in th 
other two cases. In three of the five cases, this decrease in blood ATP 
continued steadily, and didn’t return to the initial level until 5th hour in 


all diabetic cases. The difference of the average decrease rate of blood 
ATP in percent between diabetic and nondiabetic group is statistically 
significant. Similar results on liver seven minutes hydrolyzed phosphorus 
was obtained in normal and alloxan diabetic rabbits.© 

Blood inorganic phosphorus. In the normal group, the administration 
of adrenaline caused first a decrease in blood inorganic phosphorous and 
this decrease phase rebounded to a definite increase phase from 3rd 
hour. In the diabetic group, on the contrary, the blood inorganic phos- 
phorus increased slightly without a prior decrease phase and returned to 


the initial level at 5th hour (Fig. 2 
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TABLE | 
Case Age Blood sugar, inorg. P and 10 min. P after adrenalin 
ee. Disease injection (mg ) 
N Sex : sae ~o* ss : 2 
Before l 2 3 t » hrs. 
Blood sugar 102 158 123 105 90 94 
| 23 M None inorg. P 4.4 t.1 $.0 4.0 t.0 4.1 
10 min. P 3.7 3.5 3.2 } 5 3.9 
Blood sugar 116 168 127 114 92 97 
Z 23 M None inorg. P +.3 1.0 1.3 5 $5 +.7 
10 min. P 3.7 3.6 3.3 3. 4.1 1.0 
Blood sugar 144 189 120 114 109 118 
) 29 M None inorg. P 3.8 3.4 3.8 3.8 1.6 1.6 
10 min. P 3.9 3.8 3.8 $.2 3.8 3.9 
3lood sugar 111 154 111 oU 83 Y?2 
27 M None inorg. P +] 1.8 1.1 1.5 1 1.9 
10 min. P +.0 3.7 3.5 3.4 3.2 Bs 
Blood sugar 96 146 80 81 85 90 
. i M None inorg. P tf +.4 4.5 { 3 5.1 
10 min. P 5.3 $.9 1.9 5 32 3 
Diabet Blood sugar 462 500 510 424 360 16 
> labetes . °c oO > > 
5 28 COE; x llitu inorg. P 1.0 6.2 6.5 6.3 6.1 1 
e 5 : > - > ¢ 
10 min. P 1.6 be 2 0 2 3.6 
Diabet Blood sugar 274 297 266 236 204 192 
oy abetes . »o > 4 
) M ns inorg. P 3.8 3.9 4.) +.1 +1 } 
: is : e nt = 4 
10 min. P 5.3 i +.4 1-4 +, 1.9 
Piates Blood sugar 299 18 338 322 274 233 
: 2 yetes . ‘ 4 
10 | pao inorg. P 4.1 1.2 t.] 3.9 t.] 
ellit “ sd > , > 
res . 10 min. P 0 >. > 3.1 3.4 
Diabet Blood sugar 128 210 == 15f 114 90 97 
‘ abetes ; , c nn > 
) 9 M Wit inorg. P 1 2 9.0 5.3 6.0 6.2 
e : 4 > > , ? 
ne 10 min. P ie 331 3.) 50 60 28 3.2 
Diabete Blood sugar 12] 18 174 149 10 ray) 
he 5 . - P on 
11 M inlizenn inorg. P $5 +.2 1.5 4}. t 1.5 
‘ 10 min. P 5.5 2.9 ee ye) 3.0 3.1 


Blood sugar. ‘The elevation of blood sugar induced by adrenaline was 
almost equal in both groups, but the hyperglycemic phase protracted longer 
in the diabetic group than in the nondiabetic group as did those in Saito’s 
report? in our clinic. 


DIsCcUSSION 


The basic information and the clinical understanding of blood ATP 
has remained poorly delineated to the present time and it was not de- 
finitely settled yet whether human erythrocytes contain both ADP and 
ATP, or only ATP until recent years.8’-"") Most investigators think that 
the blood labile phosphorus is roughly the labile phosphorus of ATP, in- 
asmuch as blood contains very small amounts of ADP in comparison to 
ATP. 


The ATP contained in erythrocytes is formed closely at the cell mem- 
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Fig. 1. Changes of blood ATP caused by adrenaline injection in percent. 
The solid line represents the average blood ATP level of diabetic patients and 
the broken line represents that of healthy adults. 

Fig. 2. Changes of blood inorganic phosphorus caused by adrenaline 
injection. The broken line represents the average blood inorganic phosphorus 


level of healthy adults and solid line represents that of diabetic patients. 


brane from inorganic phosphorus, which enters into the erythrocyte.!”? 
The blood ATP is produced as the result of anaerobic oxidation of glucose. 
This is supported by Dische’s experiments'*) and the fact that phosphorus 
uptake by erythrocytes is inhibited by iodoacetic acid (which poisons the 
triose phosphate dehydrogenase) or by sodium fluoride (which poisons the 
enolase step by removing Mg, forming the complex MgFPO,)', or by 
withholding glucose!®) but not by deprivation of oxygen’, and more 
clearly depicted by the studies with radioactive phosphate!?'!®), The 
blood ATP is crudely regarded as erythrocyte ATP, because the glycolytic 
activity of erythrocytes is far great as compared with those of leukocytes 
and plateletes as a whole.!% No evidence of aerobic oxidation and no 
ability to utilize pyruvate?” were confirmed in mammalian mature ery- 
throcytes in contrast to avian erythrocytes”). 

The significance of blood ATP is thought to be as follows. 

1) The blood ATP reflects the metabolic conditions in blood cells. 
The reticulocyte, which has a high glycolytic rate and an aerobic meta- 
bolism, has a high concentration of ATP compared with that of mature 
erythrocytes ;°*)-* the glycolytic power of the blood of various vertebrate 
species varies in the same direction as the content of ATP”), The gly- 
colysis in erythrocytes, however, is influenced by the physicochemical 
changes of blood, as described below. 

2) The ATP content of blood cells is regulated by the physicochemical 








wb 


rs 


p12) 
ose. 
rus 
the 
the 
by 
10re 
The 
lytic 
ytes 
| no 
ery- 


ells. 
1eta- 
iture 
yrate 

gly- 
nical 


nical 





Blood ATP Level in Diabetic Patients 69 


conditions of blood itself. These are: pH, ionic milieu, conditions of 
various coenzymes, etc. <A slight decrease in blood ATP was observed in 
diabetic acidosis.*° 
3) ATP contained in erythrocytes has a great role in the maintenance 
of the biconcave shape of erythrocytes, involving the function of certain 
contractile elements in this cell stroma similar to actomyosin in muscle 
cells.?7 
+) Blood ATP serves as one of the carriers of phosphorus which may 
be utilized in tissue. According to our experimental results described 


) 


elsewhere*®), however, this thought seems to be questionable. Our experi- 
ments confirmed that the administration of glucose caused both an in- 
crease in blood ATP and a decrease in blood inorganic phosphorus. If 
the blood ATP is a reserve of labile phosphorus, the decrease in blood in- 
organic phosphorus might be accompanied by a decrease in blood ATP. 

5) The blood ATP is a reflection of the soft tissue ATP or an indicator 
of the state of labile phosphorus reserve of the body. The causes which 
provoke changes of tissue ATP, may produce similar changes of blood ATP. 
The next fact seems to support this thought. ‘The decrease in blood ATP 
after adrenaline injection was observed by Imaizumi”) in normal rabbits, 
and the same decrease in rabbit liver seven minutes’ hydrolyzed phos- 
phosus was observed by Ujiie in our laboratory.® 

The present experimental results showed that blood ATP decreased 
following adrenaline injection and this decrease in blood ATP was more 
remarkable in diabetic patients than in normal adults. The glycolysis 
in diabetic blood has been reported to be equal to that in nondiabetic 
blood.*°”’ The inhibitory effects of adrenaline on glucose uptake of blood 
cells and glycolysis in blood were observed by Dietrich*!’, Himmerich and 
Tschernjak*”’, and this inhibitory action of adrenaline may be one of the 
causes of depression of blood ATP after adrenaline injection. The remark- 
able decrease of blood ATP in the diabetic group in the present study seems 
to suggest that the uptake of glucose or glycolysis in blood cells are more 
strongly inhibited by adrenaline in diabetic patients than in healthy 
adults, probably due to the latent lack of hexokinase or phospho-hexokinase 
in the former group. 

Adrenaline accelerates the breakdown of liver glycogen by accelerat- 
ing the activation of phosphorylase in the liver*’® and, on the other 
hand, inhibits the peripheral utilization of glucose*”**), ‘This is the reason 
for adrenaline hyperglycemia. Uncoupling of oxidative phosphorylation 
by adrenaline was demonstrated by in vitro experiment*, but the experi- 
mental results of accereleration of oxygen consumption by small doses of 
adrenaline in vivo*) and of the decrease in liver seven minutes hydrolyzed 
phosphorus content®, seem to suggest that adrenaline produces an un- 
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coupling of oxidative phosphorylation in vivo, too. The respiration of 
erythrocytes is inhibited by larger doses of adrenaline (0.075-0.1 mg./1 cc. 
blood), but accelerated by smaller doses of adrenaline (0.005—0.0005 mg. 1 
cc. blood*”)). We feel that the decrease in blood ATP is elicited by the 
same or similar metabolic process as that of other soft tissues. In other 
words, the decrease in blood ATP is a reflection of the depletion in soft 
tissue ATP, which may occurr as the result of a decrease in utilization of 
glucose, increase in the requirement of ATP to synthesize glycogen from 
lactic acid released massively by the breakdown of muscle glycogen**), and 
decrease in the ATP formation because of uncoupling of oxidative phos- 
phorylation. A decrease of oxidative phosphorylation is observed in 
diabetes mellitus'®. We feel that the tendency of oxidative phosphoryla- 
tion to decrease in diabetes mellitus was aggravated by adrenaline, and the 
decrease in blood ATP become more remarkable in the present experi- 
ment. 

In the present experiment, the blood inorganic phosphorus changed 
biphasically. It decreased during the first two hours in the nondiabetic 
group, and in the diabetic group it decreased slightly or not at all. ‘The 
decrease phase of inorganic phosphorus was followed by the increase phase, 
which was observed three or four hours after adrenaline administration. 
The decrease in blood phosphorus induced by adrenaline, which was 
observed by many workers,*®4” was explained as the result of the forma- 
tion of hexose phosphate in muscle**”, and this effect was thought to 
be due to the action of insulin secreted from the pancreas reacting to the 
adrenaline hyperglycemia‘. ‘This explanation, however, scems very 
doubtful, because there is no demonstration of insulin secretion in adre- 
naline hyperglycemia. ‘The increase in blood inorganic phosphorus seems 
in some part to the result of a breakdown of glycogen into glucose and 
phosphate in both liver and peripheral tissue. The absence of a decrease 
phase in the diabetic group suggests that the disturbance of glucose up- 
take in diabetic tissue, was aggravated by the inhibitory action of adrenaline. 

To summarize, the blood ATP level became lowered by adrenaline 
injection, and this decrease in blood ATP is more prominent in diabetic 
patients than in normal adults, even though there is no significant dif- 
ference in fasting blood ATP level between them. The present experi- 
ment suggests that ATP formation in blood cells is more easily affected by 
adrenaline in diabetic patients as compared with healthy adults, and may 
indicate that the ATP formation in blood cells of diabetic patients is 
latently damaged as was observed in other soft tissues of experimental 


diabetic animals, 
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of | SUMMARY 
ce The change in the blood ATP level of five diabetic patients and five 
(1 normal adults was observed hourly for five hours following adrenaline 
he injection (0.5 mg.). Adrenaline injection produced a definite decrease 
_ in blood ATP and this decrease was more prominent in the diabetic group 
oft | than in the normal persons. ‘The change of blood inorganic phosphorus 
ol elicited by adrenaline was biphasic in healthy adults, with a decrease phase 
a and an increase phase. In the diabetic group, this initial decrease phase 
nd was absent or very slight. ‘These results seem to suggest a latent dis- 
_ turbance of ATP formation in diabetic patients, 
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In a work of a series of chemical studies on cancer undertaken by 
the senior author (K. O.) and his coworkers in our clinic, Maki!) demon- 
strated that the extract of gastric carcinoma showed a definitely higher 
inhibition to the pulsation of an isolated frog heart than the extract of 
normal gastric mucosa, and ascribed this inhibition to substances passing 
through a cellophane membrane. Then, Hasegawa*) and Abe*) in- 
vestigated these substances in various aspects. 

With a view to obtaining further information as to their nature, we 
caught them by the use of ion exchangers, fractionated by steam distillation 
and by the use of organic solvents, and tested the fractions for effects on 
the mechanical activity of cilia of the oyster gill by the modified Nomura 
and Tomita method’). The results of this investigation form the subject 
of the present paper. 

We wish to express our sincere thanks to Assistant Professor G. ‘Tomita 
of the Biological Institute of our university for his constant advice. 


EXPERIMENTAL 
I. Preparation of the Test Material 


The material studied in this work consisted of extracts of dried tissues of 
gastric carcinoma and normal gastric mucosa. First, a specimen of gastric 
carcinoma or normal gastric mucosa, which was obtained at operation in our 
clinic. was soon washed in water to remove blood, mucus, and other foreign 
substances, wiped with pieces of gauze to remove water, cut into fine pieces, 
vacuum-dried in a desiccator over sulfuric acid to a mummy, ground to fine 
powder, and stored until used as extraction material. 


II. Method of Testing the Material for Ciliary Inhibition 
The oyster (Ostrea gigas) cultured in Matsushima Bay was used. After 
carefully removing the right (upper) valve and a part of the mantle, a band of 
uniform width (3-4 mm.) was cut out from the ventral margin of a gill plate 
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and left in sea water for several hours, where it would fully recover from the 
shrinkage due to mechanical stimulations at cutting. The band was then 
divided into nearly rectangular pieces by cutting along ventral ridges at equal 
intervals of about 3mm. The “ gill pieces ’’ thus obtained will “* crawl ”’ on the 
bottom of the container in the direction shown by an arrow in Figure 1, owing 
to the reaction against the beating of water by the cilia on their surface. All 
the gill pieces obtained from an individual oyster (80 to 140 in total) were pooled 
and left in sea water. 


B 


t 

















4 
‘ 
s 


um 


Fig. 1. A, diagram showing the portion of a gill plate from which a band 





was cut to prepare “‘ gill pieces.” B, diagram showing a “ gill pieces,’’ with 
its direction of advance indicated by an arrow. b, band; p, posterior end ; 


vm, free ventral margin. 


The sea water to be used for experiments was obtained from Matsushima 
Bay and filtered before use, which showed a pH of 7.8. 

In making a test, 10 gill pieces were placed in a small flat-bottomed Petri 
dish containing normal sea water. With a stop watch graduated in 1/10 second 
divisions and a magnifier ( x 4—5), the time required for each gill piece to advance 
1 mm. was measured, and the speed of the gill piece (mm./10 sec.) was cal- 
culated. The mean of the speeds of the 10 gill pieces (8.2-12.6) was then ca!- 
culated and taken to be the speed before experiment. The sea water in the Petri 
dish was then replaced by the solution to be tested, and the speeds of the gill 
pieces were measured afier 1, 2, and 3 hours. The percentage of the mean 
speed before experiment was computed and taken to denote the relative me- 
chanical activity of cilia’ at that time under the given experimental conditions. 


IIf. Tests of Aqueous Extracts on Oyster Gill Pieces 


1) Powdered aqueous extracts. Gastric carcinoma or normal gastric mucosa 
was extracted at room temperature (lower than 10°C.) with 15 times as much 
distilled water with constant shaking for 24 hours. The extract thus obtained 
was filtered and centrifuged. The supernatant liquid was concentrated under 
reduced pressure to a syrup and dried in a desiccator to powder. Thirty mg. of 
this powder dissolved almost completely in 15 cc. of sea water, giving no sedi- 
ment after centrifugation. Test solutions were prepared by doubling dilution 
of this stock solution (a 1:500 solution of the powdered aqueous extract 


As shown in Figure 2, the extract of gastric carcinoma (hereafter to be 
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Fig. 2. Aqueous extract. Gastric carcinoma. Normal gastric 


mucosa. O means “ just before experiment.” 


referred to simply as “carcinoma extract’) inhibited ciliary movement re- 
markably at dilutions up to 1:1000 and slightly at 1:2000, whereas the ciliary 
inhibition of the normal mucosa extract was weaker than that of the carcinoma 
extract (remarkable at 1:500, but only slight at 1: 1000, and invisible at 1:2000). 

2) Experiments of dialysis. An aqueous extract was concentrated under 
reduced pressure to one third of the initial volume, placed in a cellophane bag, 
and dialyzed against distilled water for 48 hours in an ice chamber, during which 
time the dialyzate (outer liquid) was replaced by distilled water every 8 hours. 
The dialyzates were pooled. The combined dialyzate and the ** inner liquid” 

18-hour-dialyzed extract) were concentrated under reduced pressure and dried 
in a desiccator to powder. 

Both the inner liquid of the carcinoma extract and that of normal mucosa 
extract showed only a slight ciliary inhibition at a dilution of 1:500, and no in- 
hibition at 1:1000. On the other hand, the dialyzates of both extracts inhibited 
ciliary movement more markedly than the inner liquids, and especially the dialy- 
zate of the carcinoma extract showed a remarkable inhibition at dilutions up 
to 1:2000, and a slight inhibition at 1:4000 (the inhibition shown by the dialyzate 
of normal mucosa extract being remarkable only at 1:500, slight at 1:1000, and 
invisible at 1:2000) (Fig. 3). 


IV. Tests of a Sea-water Extract of Gastric 
Carcinoma on Oyster Gill Pieces 


The dry powder of gastric carcinoma was extracted with 15 times as much 
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Fig. 4. Sea-water extract of gastric carcinoma. 
Fig. 5. Dialysis of the sea-water extract of gastric carcinoma. z, activity 


at the end of two hours’ exposure. ¢, time elapsed after the start of dialysis. 


sea water. This extract (stock solution of the carcinoma extract) was diluted 
with sea water 15-fold. Tests of this dilute solution for ciliary inhibition gave 
positive results as shown in Fig. 4. Then, the stock solution of the carcinoma 
extract was dialyzed through a cellophane memarane against sea water. In 
he course of dialysis, samples of the inner liquid were taken at intervals of 6 
hours, diluted with sea water 15-fold, and tested for ciliary inhibition. As 
shown in Figure 5, it was found that the test solution had lost its power of ciliary 


inhibition almost entirely through 24 hours’ dialysis. 
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V. Experiments on the Dialyzate of the Gastric Carcinoma Extract 


As described above, the preliminary tests showed that the substances respon- 
sible for the ciliary inhibition of the carcinoma extract would pass through a 
cellophane membrane almost entirely within 24 hours. In order to study their 
nature, several tests of chemical and physical treatments and of systematic frac- 
tionation were made on the dialyzate of the carcinoma extract (hereafter to be 
referred to simply as ‘‘ carcinoma dialyzate ”’ 

1) Effect of heating. Heating at 100°C under reflux for 20 minutes had 
almost no effect on the power of ciliary inlibition of a 1:1000 dilution of the 
carcinoma dialyzate (Fig. 6). 

2) Effect of incineration. Thirty mg. of the powdered carcinoma dialyzate 
was fully incinerated in a porcelain crucible. The gray-white powder obtain 
9.7 mg.) was dissolved in a small amount of N/10 HCl, to which was added 
sea water to make up to 15 cc. The solution was filtered, and tested on gill pieces 
after adjustment of the pH to 7.8 with N/10 NaOH. It was found that the test 
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solution (corresponding to a 1:500 dilution of the carcinoma dialyzate showed 
no ciliary inhibition (Fig. 7 
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Fig. 6. Effect of heating carcinoma dialyzate. Control, 1: 1000 dilution 


of carcinoma dialyzate. 
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Fig. 7. Effect of incineration of carcinoma dialyzate. Control, 1:500 


dilution of carcinoma dialyzate. 
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3) Tests of solubility in organic solvents. Aliquots of 15 mg. of the powdered 
carcinoma dialvzate were extracted under reflux with boiling organic solvents. 
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Each extract was dried to powder by evaporation of the solvent. The residue 
was dried to powder after being washed with the solvent. Each preparation 
of powder was dissolved in 15 cc. of sea water (corresponding to a 1:1000 dilu- 
tion of the carcinoma dialyzate), and tested for ciliary inhibition after having its 
pH adjusted to 7.8. Thus, it was found that the substances responsible for 
the ciliary inhibition of the carcinoma dialyzate were highly soluble in ethanol, 
fairly soluble in amyl alcohol and chloroform, but almost insoluble jin ether 





and acetone (Fig. 8 
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Fig. 8. Solubility of effective substances in various organic solvents. 


extract, — - — residue, Control, 1 :1000 dilution of carcinoma dialyzate. 


4) Effect of treating with trichloroacetic acid. ‘When an equal volume of 20% 
trichloroacetic acid was added to an aqueous solution containing 15 mg. of the 


powdered carcinoma dialyzate, there appeared a slight degree of white turbidity. 
The mixture was centrifuged. The supernatant liquid was neutralized, con- 
centrated under reduced pressure, and dried. ‘This dry material was dissolved 
in 15 cc. of sea water, and the pH of the solution was adjusted to 7.8. The 
sediment was washed with 10°, trichloroacetic acid, dissolved in a small amount 
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of NaOH-alkalized sea water. The solution was diluted to 15 cc. with sea 
water, and tested on gill pieces after adjustment of the pH to 7.8. 

In tests of these solutions on gill pieces, the “‘ supernatant ” solution inhibited 
ciliary movement much more remarkably than the ‘ sediment” solution, the 
inhibition being only a little weaker than a 1: 1000 dilution of the untreated car- 
cinoma dialyzate (Fig. 9). 
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Fig. 9. Effect of treating carcinoma dialyzate with trichloroacetic acid 
supernatant, — - precipitate after trichloroacetic acid treatment. 


Control, 1:1000 dilution of carcinoma dialyzate. 


5) Effect of treating with phosphotungstic acid. ‘To an aqueous solution con- 
taining 15 mg. of the powdered carcinoma dialyzate was added a small excess 
of a saturated aqueous solution of phosphotungstic acid. A great amount of 
precipitate produced was set aside by centrifugation after 24 hours. Excess 
phosphotungstic acid in the supernatant liquid was removed by addition of 
barium hydroxide. The barium was then removed with carbon dioxide, and 
the supernatant liquid was concentrated to powder. This “supernatant ” 
powder was dissolved in 15 cc. of sea water (corresponding to a 1:1000 dilution 
of the carcinoma dialyzate), and was tested on gill pieces after adjustment of 
the pH to 7.8. The ciliary inhibition shown by the solution was only slight, 
however (Fig. 10). 
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Fig. 10. Effect of treating carcinoma dialyzate with phosphotungstic 
acid. Treated, supernatant liquid after phosphotungstic treatment. Con- 


trol, 1: 1000 dilution of carcinoma dialyzate. 
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6) Effect of acid hydrolysis. To 15 mg. of the powdered carcinoma dialyzate 
was added 3 cc. of 6 N HCl, and the mixture was boiled under reflux for 12 
hours. ‘The resulting black substance was removed by filtration through filter 
paper after cooling. The filtrate was concentrated under reduced pressure to 
dryness. ‘The dry material was dissolved in 5 cc. of distilled water, and the solu- 
tion was concentrated to dryness. After removal of most of the HCl by repeating 
the treatment three times, the material was dissolved in 15 cc. of sea water (cor- 
responding to a 1:1000 dilution of the carcinoma dialyzate), and tested on gill 
pieces after adjustment of the pH to 7.8. It was found that the power of ciliary 
inhibition of this solution was about half that of a 1: 1000 dilution of the carcinoma 
dialyzate (Fig. 11). 
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Fig. 11. Effect of acid hydrolysis. Control, 1 :1000 dilution of carcinoma 


dialyzate. 


7) Effect of treating with adsorbents. An aqueous solution containing 15 mg. 
of the powdered carcinoma dialyzate was acidified with HCI to pH 4.5, treated 
with | g. of kaolin or 0.5 g. of powdered blood charcoal, and filtered through 
filter paper. The filtrate was concentrated under reduced pressure to dryness. 
The dry material was dissolved in 15 cc. of sea water, the pH of which was 
adjusted to 7.8. The residue, together with the filter paper, was extracted at 
10°C. in NaOH-alkalized distilled water (pH 8), and the extract was filtered. 
The filtrate was neutralized and concentrated to dryness. The dry material 
was dissolved in 15 cc. of sea water (corresponding to a 1:1000 dilution of the 
carcinoma dialyzate), and the pH was adjusted to 7.8. It was found that both 
the unadsorbed part and the adsorbed and redissolved part of the carcinoma 
dialyzate showed ciliary inhibition, but the former was more effective (Fig. 12). 

8) Effect of passing through ion exchangers. An anion exchanger of ammonium 
type, Aberlite IR A-410 (column height: 15cm.) was well washed first with 
2N NaOH, then with water. An amount of the carcinoma dialyzate was 
passed through the column and the effluent was neutralized and concentrated 
under reduced pressure to dry powder. An amount of the carcinoma dialyzate 
was passed through a cation exchanger of sulfonic acid type, Amberlite IR 120 
(column height: 15 cm.), which had previously been treated with 2. N HCl and 
washed with water, and dry powder was obtained in the same manner as before. 


Each preparation of powder was dissolved in sea water to obtain a | :1000 dilu- 
pre} I 
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Fig. 12. Effect of adsorbents on carcinoma dialyzate. 
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Fig. 13. Effect of passing through ion exchangers on carcinoma dialyzate. 
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tion, the pH of which was adjusted to 7.6. 

In tests of these two solutions on gill pieces, the ciliary inhibition of the 
anion-exchange effluent was only a little weaker than a 1 :1000 dilution of the 
carcinoma dialyzate, whereas the cation-exchange effluent showed no inhibition 
(Fig. 13). 

9) Systematic fractionation. Fractionation was performed by reference to 
the method of Satake®) (Table 1). Thus, a cation exchanger of carboxylic acid 
type, Amberlite IR C-50 (column height: 15 cm.) was well washed first with 
2.N NaOH, then with water, and the pH was adjusted to 5 with acetic acid- 
sodium acetate buffer. A concentrated carcinoma dialyzate (1 litter being 
concentrated to 80 cc.) was passed through the column at the rate of 2 cc. per 
minute. The column was then washed with 100 cc. of distilled water. The 
effluent and the washings were combined and concentrated under reduced 
pressure to dryness (fraction 1). Then, 40 cc. of | N HCl was passed through 
the column at a rate of | cc. per minute, followed by 20 cc. of distilled water. 
The two effluents were combined, alkalized by addition of 15 cc. of 20% NaOH, 
and soon subjected to steam distillation. The distilled vapor and liquid were 
received in 5cc. of | N HCl. The distillation was stopped when the distillate 
attained to a volume of 25 cc. The distillate was extracted with 30 cc. of ether 
three times, and the extract and the residue were evaporated to dryness (fractions 
2 and 3). The residue of the steam distillation was extracted with constant 


TABLE [ 
Scheme for Fractionation of Carcinoma Dialyzate 


Aq. soln. of carcinoma dialyzate 


Amberlite IR C-50 (15cm., pH _ 5.0) 


Adsorbate Effluent 
In HCl-eluted 
Eluate Powder 


NaOH-alkald., steam- (1) 


distilled 


Residue Distillate 
Amy] alcohol-extd. Ether-extd. 
Residue ' Extract Residue Extract 
Neutralized 
Na,CO,-alkald., Powder Powder Powder 
Amyl alcohol-extd. (4) (3) (2) 
Residue Extract 
Powder Powder 
(6) (5) 


shaking with 40 cc. of amyl alcohol. The amyl alcohol layer was further ex- 
tracted with constant shaking with 30 cc. of N.2 HCl, and the dilute-HClI layer 
was evaporated to dryness (fraction 4). The residue of the amyl alcoho! 
extraction was neutralized with HCl, alkalized with sodium carbonate, and 
extracted again with 40 cc. of amyl alcohol. The new amyl alcohol layer was 
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extracted with 30 cc. of N/2 HCl as before, and the dilute-HCl layer was evaporat- 
ed to dryness (fraction 5). The carbonate-alkaline residue was neutralized 
with HCI and concentrated under reduced pressure to dryness (fraction 6). Each 
of the six fractions thus obtained was dissolved in sea water and tested on gill 
pieces. 

Fraction | showed some degree of ciliary inhibition at a dilution of 1:500, 
but the inhibition was much weaker than that of the same dilution of the car- 
cinoma dialyzate, and it showed no inhibition at 1:1000. Fraction 2 (ether 
soluble fraction of the distillate of steam distillation) was found to inhibit ciliary 
movement only slightly when tested at 1:1000, while fraction 3 (ether-insoluble 
fraction) showed a remarkable inhibition even at 1:2000. Of all the six frac- 
tions, fraction 4 (amyl alcohol-soluble fraction of the distillation residue) was 
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Fig. 14. Fractions of carcinoma dialyzate. 


found to have the strongest inhibitory effect on ciliary movement, the inhibition 
being definite even at 1:2000. The ciliary inhibition shown by fraction 5 
amyl alcohol-soluble fraction obtained from the Na,CQOs-alkalized residue) was 
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quite weak at 1:500, while fraction 6 showed no inhibition at the same dilution 


(Fig. 14). 


DIscussION AND CONCLUSIONS 


In our tests on gill pieces of the oyster, both the aqueous extract of 
gastric carcinoma and that of normal gastric mucosa had inhibitory effects 
on the ciliary movement, but the ciliary inhibition of the former was de- 
finitely stronger than that of the latter. ‘These extracts lost their power 
of ciliary inhibition through dialysis. ‘Thus, the powder prepared from 
a 48 hours’ dialyzate (liquid outside a cellophane bag) showed much 
stronger ciliary inhibition than the powder of the inner liquid. 

In order to ascertain whether the substances responsible for the ciliary 
inhibition shown by the carcinoma dialyzate were identical with the sub- 
stances that were found by Maki to inhibit an isolated frog heart, effects 
of various physical and chemical treatments on the ciliary inhibition of the 
powdered carcinoma dialyzate were investigated. From the results 
obtained it may be concluded that there are no noteworthy differences 
between the two groups of effective substances. Thus, substances in- 
hibiting the ciliary movement of the oyster gill were weakened by 20 
minutes’ heating at 100°C., completely destroyed by incineration, very 
soluble in ethanol, to some extent soluble in amyl alcohol and chloroform 
if boiled, but almost insoluble in acetone and ether. Further, they were 
remarkably weakened in effectiveness by passage through a cation ex- 
changer, but not much affected by passage through an anion exchanger. 

In addition, it was found that the substances did not entirely lose 
their inhibitory action by acid hydrolysis, and were precipitated little 
with 10°/ trichloroacetic acid but fully with phosphotungstic acid. 

From these findings, especially of their behavior to dialysis and ion 
exchange, it was inferred that the substances inhibiting the ciliary move- 
ment of the oyster gill were possibly basic ones of small molecular weight. 
With a view to isolation of these substances, attempts were then made to 
fractionate them by a combination of ion exchange, steam distillation, and 
extraction with organic solvents. From the results described in the pre- 
vious section it may be concluded that the substances responsible for the 
inhibitory effect of gastric carcinoma extracts on the ciliary movement of 
the oyster gill, consist at least two basic compounds of small molecular 
weight, volatile and non-volatile. 


SUMMARY 


1. Aqucous extracts of both gastric carcinoma and normal gastric 
mucosa inhibited the mechanical activity of gill cilia of the oyster, and the 
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ciliary inhibition of the former was definitely stronger than that of the lat- 
ter. 

2. The substances responsible for the ciliary inhibition passed through 
a cellophane membrane almost entirely in 24 hours of dialysis against sea 
water. 
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Maki” in our clinic found that an aqueous extract of the tissue of 
gastric carcinoma has a higher activity of inhibiting the excised frog heart 
than the similar extract of the normal gastric mucosa, and the substance 
responsible for this inhibition is a basic compound of low molecular weight. 
Following this investigation, we undertook a study to see if the gastric 
carcinoma tissue has any effect on the movement of Paramecium, and ob- 
tained positive results, as will be described in the following, that the aqueous 
extract of the tissue showed an immobilizing activity higher than that of 
normal gastric mucosa, and the substance responsible for the immobiliza- 
tion was nearly the same as that inhibiting the excised frog heart. 


EXPERIMENTAL 
Method 


Immobilization test on Paramecium 

The animal used for the immobilization test was the Ka, strain of 
Paramecium caudatum kept in the Biological Institute, Faculty of Science, 
Tohoku University. It was cultured in succession in a water infusion 
of dried lettuce powder, inoculated with Aerobacter aerogenes (Sonneborn?? 
In using for experiments, the animals had been kept fasting for 12 hours 
after being washed in water. Underground spring water was used, which 
was boiled and brought to pH 7.0 with sodium hydroxide after cooling. 

To 10 mg. of the test material was added | cc. of distilled water. 
From this 1: 100 stock dilution, doubling dilutions were prepared and tested 
for immobilization of Paramecium. An aliquot of 0.5 cc. of the solution 
to be tested was placed in each depression of hollow slides: Then a drop 
of a Paramecium suspensions (containing 20-30 organisms per drop) was 
added and kept in a wet chamber at room temperature. The time course 
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of changes in state of movement of Paramecium was observed under the 
microscope using a low powder objective (32 


be 


Results 

I. Distilled water extract 

A sample of the tissue of gastric carcinoma or of the normal part of the 
gastric mucosa of gastric ulcer patients was dried to a mummy in a vacuum 
desiccator over concentrated sulfuric acid, and shaken with distilled water. 
The extract thus obtained was condensed under reduced pressure at a tem- 
perature below 40°C. and dried. 

A 1:100 dilution of the powder of the gastric carcinoma extract com- 
pletely immobilized Paramecium in 15 minutes, while that of the extract of 
normal gastric mucosa required two hours for complete immobilization. 

HI. Dialysis 

The dry powder of the gastric carcinoma extract was dissolved in 
distilled water (Maki!)), and dialyzed through cellophane. The dialyzed 
liquid and the dialyzate were condensed and dried to powder. It was 
found that the dialyzed liquid powder did not completely immobilize the 
organism even at as high a concentration as 1: 100, while the dialyzate did 
so within 10 minutes at 1: 100 and within | hour at 1:800 (Table I). 


TABLE I 


Results of Paramecium-Immobilization Tests with the Dialyzate and 
the Dialyzed Liquid of Gastric Carcinoma Extract 





State of movements of Paramecium after 


Test material Dilution 
jm gm 55m ygm 75m gym ph gh 5h 
1: 100 r {it UL tb jt. jt iL 
1: 200 \ 14 HL. a mm bu 
Dialyzate 1: 400 4 1. 1. mm 
1: 800 { it js fi 
1: 1600 
1: 100 
1: 200 
Dialyzed liquid 1: 400 
1: 800 
1: 1600 
, Normal ; +, immobilizing effect hardly perceptible ;  +-, immobiliz- 
ing effect definite ; ++, no swimming but still moving in its body; ++, com- 


plete immobilization. 


In the case of normal gastric mucosa, on the other hand, complete 
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immobilization did not occur even at 1:100 of the dialyzed liquid or the 
dialyzate. 

From these results, the immobilizing factor in the powder of the gastric 
carcinoma extract was considered to be transferred mainly to the dialyzate. 
Then, the next step was to submit the dried powder of the dialyzate to 
systematic chemical treatments and follow up the nature of the factor. 

III. Following after the immobilizing factor in the dialyzate powder 

of gastric carcinoma 

1) Solubility in organic solvents. ‘To the dialyzate powder of gastric 
carcinoma was added alcohol, amylalcohol, acetone, or ether, and each 
mixture was separated into the soluble and insoluble fraction. 

The alcohol-soluble, acetone-insoluble, ether-insoluble fractions showed 
a strong immobilizing activity, while the activity of the amylalcohol-soluble 
fraction was of nearly the same height as that of the insoluble fractions. 

2) Effect of treatment with ion-exchange resins. The aqueous extract of 
the dialyzate powder of gastric carcinoma was passed through Amber- 
lite IR A-410 or IR C-50 to separate the resin-passing and -absorbed 
fractions. The immobilizing activities of the IR A-410-passing fraction 
and the IR C-50 -absorbed fraction were found to be decreased slightly, 
whereas the IR C-50-passing fraction showed a remarkable fall in its 
activity. 

SUMMARY 

An aqueous extract of gastric carcinoma and its fractions were tested 
for the activity immobilizing Paramecium caudatum. 

1. The extract showed a strong immobilizing activity, as compared 
with the similar extract of normal gastric mucosa. 

2. The immobilizing factor was dialyzable through cellophane. 

3. The factor was soluble in alcohol, slightly soluble in amylalcohol, 


but hardly soluble in acetone and ether. 
4, The factor was absorbed by a cation exchange resin. 
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In a paper” of a series of chemical studies on cancer in our clinic, we 
have reported the presence of a substance inhibiting the movement of 
Paramecium in the tissue of gastric carcinoma. Further investigation has 
revealed that also the gastric juice of patients with gastric carcinoma shows 
an activity inhibiting the movement of Paramecium and that the substance 
responsible for this immobilizing activity belongs to the group of liquid 
acids, mainly consisting of unsaturated fatty acids, as will be described in 
the present communication. 


EXPERIMENTAI 
Method 


The method of Paramecium immobilization test was essentially the 
same as used in the previous work.) The crude powder of the gastric 
juice and its fractions were tested for their effect on the movement of 
Paramecium, using as the criterion the immobilization titer (the highest 
possible dilution to immobilize Paramecium completely within 30 minutes). 
Attempts were made to follow after the fraction of the highest titer and 
clarify its chemical nature. 


Results 


I. Crude powder of the gastric juice 

The lavage of the stomach was performed with 300 cc. of distilled 
water while the stomach was empty early in the morning. The washings 
were pooled and filtered through Toyo No. 2 filter paper. The filtrate 
was condensed under reduced pressure to a syrup at a temperature below 
10°C, and dried in a desiccator (yield: 200-700 mg. per patient). In 
Fig. 1 is shown the distribution of immobilization titers of crude powders 
of the gastric juice of the three groups of cases: 20 cases of healthy persons, 
20 cases of patients with gastric and/or duodenal ulcer, and 69 cases of 

9] 
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patients with gastric carcinoma. It will be seen that both the highest 
titer and the average titer in the gastric carcinoma group were remarkably 
higher than those of the control group, the results being thus indicative 
of the presence of an intensely toxic substance in the gastric juice of gastric 


carcinoma patients. 








Group of No. of case Highest titer Average titer 
Healthy stomach 20 200 145 
Gastric and/or duodenal ulcer 20 800 265 
Gastric carcinoma 69 6400 925 


Fig. 1. Immobilization tests with gastric juice powders. 


II. Following after the toxic substance in the dry power of the 
gastric juice of gastric carcinoma patients 

The dry powder of the gastric juice of gastric carcinoma patients 
(immobilization titer: 800) was subjected to various chemical treatments, 
and variations in the immobilization titer were examined in order to clarify 
the chemical nature of the toxic substance. 

1) Repeated filtration. The dry gastric juice powder of gastric car- 
cinoma patients (50 mg.) was mixed with 5 cc. of water. The homogenized 
suspension thus obtained was repeatedly filtered through Toyo No, 2 filter 
paper, and a transparent filtrate was obtained. 

2) Separation by high-speed centrifugation. The dry gastric juice pow- 


der of gastric carcinoma patients (88 mg.) was mixed with 8.8 cc. of water 


and subjected to a high-speed centrifugation at 10000 r.p.m. for 30 minutes, 
and the upper floating layer, the middle transparent layer, and the lower 
sediment layer were separated. 

3) Heating. The dry gastric juice powder of gastric carcinoma 
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patients (14 mg.) was mixed with 1.4 cc. of water, and the mixture was 
divided into two equal parts. Both parts were heated for 1 hour using 
a reflux condenser, one part at 40°C. and the other at 100°C. 

4) Repeated condensation under reduced pressure. The dry gastric juice 
powder of gastric carcinoma patients (70 mg.) was mixed with 100 cc. of 
distilled water, and the mixture was condensed under reduced pressure. 
To the condensate was added again 100 cc. of distilled water, and the 
mixture was condensed under reduced pressure. This procedure was 
repeated three times, and the condensate was dried to powder. 


TABLE | 
Following after the Toxic Substance in the Gastric Juice Powder of 
Gastric Carcinoma Patients 





Treatment Immobilization titer after treatment 

Repeated filtration Filtrate 200 

Upper layer 800 

High-speed centrifugation Middle layer 200 

Lower layer 100 

Heatin 40°C., 1 hour 800 

g 100°C., 1 hour 100 

Repeated condensation under Dry powder of condensate 200 
reduced pressure , 

Long preservation under reduced Po 900 

pressure 

. : Dialyzed liquid 800 
alvate ag 

eaiyas Dialyzate 200 

Alcohol-soluble 3200 

-insoluble 100 

Acetone-soluble 3200 

-insoluble 200 

a ee ee a ae Benzene-soluble 1600 

rganic solvent tractionation -insoluble 100 

Chloroform-soluble 3200 

-insoluble 100 

Ether-soluble 1600 

-insoluble 200 


Immobilization titer of the gastric juice powder of gastric 
carcinoma patients 800 


5) Long preservation under reduced pressure. ‘The dry gastric juice 
powder of gastric carcinoma patients was kept for three months in a 
vacuum desiccator over concentrated sulfuric acid. 

6) Dialysis. The dry gastric juice powder of gastric carcinoma pa- 
tients (100 mg.) was mixed with 10 cc. of distilled water, put in a cel- 
lophane bag, and dialyzed against distilled water at room temperature 
for 48 hours. Both the dialyzate and the dialyzed liquid were condensed 


under reduced pressure and dried (yields: 15 mg., 50 mg. respectively). 
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7) Solubility in organic solvents. ‘Yo aliquots of 1 g. of the dry gastric 
juice powder of gastric carcinoma patients were added 30 cc. of alcohol, 
acetone, benzene, chloroform, or ether, and the soluble and insoluble parts 
of each mixture were separated and dried (yields: soluble fraction of each 
mixture, about 20 mg.; insoluble fraction, about 800 mg.). 

Immobilization titers after the above-mentioned treatments are given 
in Table I. It will be seen that the immobilizing factor was concentrated 
in the upper floating layer upon high-speed centrifugation, was hardly 
soluble in water, not readily dialyzable through cellophane, and soluble 
in various organic solvents. Its titer was remarkably lowered by such 
treatments as filtration, 100°C. heating, condensation under reduced 
pressure, and jong preservation under reduced pressure. 

III. ‘Tests of an ethereal extract of the gastric juice 

In order to obtain the immobilizing substance without decreasing its 
titer as far as possible, we attempted to avail ourselves of its solubility in 
various organic solvents and directly extract the gastric juice without resort 
to procedures such as filtration and condensation under reduced pressure. 

1) Investigation with the gastric juices of gastric carcinoma patients and normal 
subjects. With 19 cases of normal subjects, 16 cases of gastric and/or duo- 
denal ulcer, and 36 cases of gastric carcinoma, measurement was made 
of the immobilization titer of the ethereal extract of the gastric juice. 
As shown in Fig. 2, many cases of the gastric carcinoma group showed 
a high titer, both the highest and the average titer being higher than in 
the control groups. ‘The results obtained definitely indicated the presence 
of an intense immobilizing substance in the gastric juice of gastric car- 
cinoma patients. 

2) Qualitative tests. Vhe ethereal extract of the gastric juice of 
gastric carcinoma patients was negative to the Molisch, biuret, and 
Salkowski tests. 

IV. ‘Tests of the lipid fraction of the gastric juice of gastric carcinoma 

patients , 
From the results thus far mentioned, the immobilizing factor was 
supposed to belong to the group of neutral fats or fatty acids, and the 
ethereal extract of the gastric juice of gastric carcinoma patients was then 
fractionated by Sperry and Bloor’s method?) for feces. 

1) Fractions of neutral fats, and solid and liquid acids. ‘To an alcoholic 
solution containing 500 mg. of the ethereal extract of the gastric juice o! 
gastric carcinoma patients (titer: 800) was added 1 N sodium methoxide 
till a faint pink color was developed by phenolphthalein. After con- 
densation, 100 cc. of distilled water and 100 cc. of ether were added to 
the solution and mixed. ‘The mixture was then allowed to stand. The 
neutral fat fraction was obtained by drying the upper ethereal layer at 
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Group of No. of cases Highest titer Average tite: 


Healthy stomach 19 200 137 
Gastric and/or duodenal ulcer 16 100 0) 


Gastric carcinoma 1) 6400 878 


Fig. 2. Immobilization tests with the ethereal extracts of the gastric 


juice. 


room temperature (yield: 200 mg). ‘The lower aqueous layer was acidi- 
fied with sulfuric acid, shaken with an equal volume of ether for extraction, 
and the extract thus obtained was dried at room temperature and dis- 
solved in 100 cc. of alcohol. To the solution boiling on the water bath 
was added an equal volume of 3° lead acetate in hot alochol. The mix- 
ture was boiled for 2 minutes, allowed to stand at room temperature 
overnight, and filtered to separate the sediment. To the sediment was 
added 100 cc. of distilled water. The mixture was acidified with hy- 
drochloric acid, shaken with an equal volume of ether for extraction, and 
the solid acid fraction was obtained (yield: 5 mg.). The filtrate was 
condensed to a syrup and was added 100cc. of distilled water. The mix- 
ture was then acidified with hydrochloric acid, shaken with an equal volume 
of ether for extraction, and the liquid acid fraction was obtained from the 
ethereal extract (yield: 50 mg.). The immobilization titers of the neutral 
fat and solid acid fractions were each 100, whereas that of the liquid acid 
fraction was 1600. 

2) Paperchromatography of the liquid acid fraction. The liquid acid 
fraction was subjected to paperchromatography by the one-dimensional 
descending method. The filter paper used was Toyo No. 2 paper, which 
was soaked in petroleum hydrocarbons (b.p. 140-170°C). Using me- 
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thanol-petroleum hydrocarbons (4:1) as solvent, the development was 
performed at 25°C. for 6 hours until the solvent front traveled 40 cm. from 
the origin. A spray of an alcoholic solution of bromcresol green over the 
filter paper revealed three yellow spots with R¢ values of 0.175, 0.597, 
and 0.808, respectively. When iod-alcohol solution was sprayed instead 
of bromcresol green-alcohol, the first two of the spots were brown. It 
will, therefore, be concluded that the liquid acid fractions contained three 
fatty acids, two of which being unsaturated fatty acids. 


SUMMARY 


Investigation was made on the effect on the movement of Paramecium 
of the gastric juice of gastric carcinoma patients. 

1. The gastric juice of gastric carcinoma patients contains a factor 
intensely immobilizing Paramecium. 

2) The immobilizing factor is hardly soluble in water, not readily 
dialyzable through cellophane, and soluble in various organic solvents. 
The immobilizing activity is remarkably decreased by such treatments 
as filtration, condensation under reduced pressure, preservation under 
reduced pressure, and heating at 100°C. for 1 hour. 

3. The ethereal extract of the gastric juice of gastric carcinoma 
patients shows a higher immobilizing activity than the similar extract 
from healthy persons. 

4. Of the three fractions (neutral fat, solid acid, and liquid acid) of 
this ethereal extract from gastric carcinoma patients, the liquid acid 
fraction shows the highest immobilizing activity. Paperchromatographic 
analysis has revealed that the liquid acid fraction consists mainly of 
unsaturated fatty acids. 
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Nakahara" has found that an extract of a human carcinoma tissue, 
when injected into a mouse, shows a remarkable inhibition of its liver 
catalase activity, and has designated it as ‘‘ toxohormone.”’ In the work to 
be reported here, we also confirmed this and attempted to investigate 
further into this factor by finely fractionating the extracts of gastric car- 
cinoma and testing each fraction for catalase inhibition. A more de- 
tailed report will appear elsewhere.” 


EXPERIMENTAI 
Preparation of the Material 


I. Extraction with distilled water 

1) Extraction. Some amount of gastric carcinoma tissue obtained 
at operation was cut into small pieces, and dried to powder in a vacuum 
desiccator. The powder was put in 10 times as much distilled water, and 
extracted with constant shaking for 48 hours. The extract was condensed 
to a syrup under reduced pressure at a temperature not higher than 40°C., 
and dried to powder (Cr;). 

2) Dhtalysis. ‘The Cry was redissolved in distilled water and dialysed 
against distilled water through cellophane for three days, the dialyzate 
outer liquid) being changed with distilled water every 8 hours. All the 
portions of the dialyzate were pooled, condensed under reduced _pres- 
sure, and dried (Dy). After dialysis, the dialyzed solution (inner liquid) 
was condensed under reduced pressure, and dried to powder (NDj). 

3) Fractionation of the ND. The non-dialyzable fraction ND, of the 
aqueous extract of gastric carcinoma was further fractionated according 
to Oh-Uti and others’ method*? for isolating from the placental tissue a 
factor effective for the skin reaction. 
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a) ‘Ireatment with barium hydroxide. Of the ND, 5g. was dis- 
solved in distilled water. Saturated barium hydroxide solution was added 
drop by drop to the mixture to a pH of 9.0. The resulting precipitate 
was collected, washed twice with a baryta water of pH 9.0 and three 
times with alcohol, and dried to a white powder (1.4g.). For purifica- 
tion, 450 mg. of the powder was kneaded in a mortar with a small amount 
of distilled water, to which was added an excess of sodium sulfate. The 
mixture was then brought to pH 7.0 with sulfuric acid, and centrifuged. 
The supernatant was dialyzed against running water for 24 hours, con- 
densed under reduced pressure, and dried (Ppt gaom,, yicld 95 mg.). 

b) pH 4.6. The supernatant (pH 9.0) after treatment with the 
baryta water was brought to pH 4.6 with 10°, acetic acid. The resulting 
precipitate was collected by centrifugation, washed twice with an acetic 
acid solution of pH 4.6, three times with alcohol, and dried to a white 
powder (yicld 690 mg.). For purification, 200 mg. of the powder was 
ground with a small amount of distilled water in a mortar, dissolved at 
pH 9.0 by addition of 1°, sodium hydroxide. After 30 minutes the solu- 
tion was brought to pH 7.0 by addition of 0.5°, hydrochloric acid; and 
the precipitate was separated. The supernatant was brought to pH 4.2 
by addition of hydrochloric acid, and the precipitate was separated by 
centrifugation. ‘This process of dissolving and precipitating was repeated 
twice more. ‘The final precipitate was washed with alcohol four times 
and dried (Ppt ac., yield 60 mg.). 

c) Treatment with glacial acetic acid. The supernatant (pH 4.6 
with acetic acid) was dialyzed against running water for 48 hours, and 
condensed under reduced pressure to a syrup. ‘To this was added 4 times 
as much alcohol, and the resulting precipitate was washed with alcohol, 
dried, redissolved with distilled water. After a small amount of the 
insoluble part had been removed by centrifugation, the solution was 
condensed under reduced pressure to a syrup, to which was added alcohol. 
The separated substance was washed with alcohol and dried. A total 
of 640 mg. of the powder thus obtained was kneaded with a small amount 
of distilled water. To the resulting mass was added glacial acetic acid 
little by little. The insoluble part was collected by centrifugation, washed 
twice with glacial acetic acid and four times with alcohol, and dried 
(Ppt giac., yield 130 mg.). To the part soluble to glacial acetic acid 
was added 4 times as much ether. The precipitate produced was col- 
lected by centrifugation, and washed with alcohol twice. After being 
allowed to stand in alcohol overnight, the precipitate was washed with 


alcohol twice and dried (Sp giac., yield 70 mg.). 


II. Extraction with alcohol 
A certain amount of the tissue of gastric carcinoma was put in 10 
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times as much 95% alcohol and left there for two months. ‘The extract 
thus obtained was condensed under reduced pressure to dryness. ‘The 
dried substance was again dissolved in absolute alcohol. After removal 
of a small amount of the insoluble matter by centrifugation, the solution 
was condensed under reduced pressure to dryness (Cry). 

III. Extraction with 10% saline 

We used for experiments some of those fractions of a 10°, saline ex- 
tract of gastric carcinoma which were prepared by Suzuki in our clinic 
for the study of the factor causing anemia in rabbits. The method of 
fractionation, which will be published elsewhere,’? was essentially as 
follows: A lipid-removed gastric carcinoma tissue was extracted with 
10°, saline; and the extract was dialyzed against running water. ‘The 
dialyzed solution was brought of pH 4.2 with hydrochloric acid; and the 
precipitate was collected by centrifugation and purified (Ppt pu4.2). The 
supernatant was brought of pH 2.0 with hydrochloric acid, and the pre- 
cipitate was collected and purified (Ppt pH20). The supernatant was 
condensed under reduced pressure and dried (Sp pu20). ‘This fraction 
was redissolved in distilled water. ‘To the solution was added ammonium 
sulfate to full saturation, and the resulting precipitate (Ppt (yn,),so,) was 
separated from the supernatant (Sp cnu,),so, 


Method for Measuring the Catalase Activity 
of Mouse Liver 


The animals used were male mice of the DD strain, weighing about 
15 g., which were kept under fixed conditions. ‘The material to be tested 
was dissolved in 0.5 cc. of physiological saline, and injected into a mouse 
intraperitoneally. After 24 hours the mouse was decapitated. Im- 
mediately after the bleeding was over, the liver was extirpated, and lightly 
washed with physiological saline. A small piece of the tissue was obtained 
from the outer left lobe, weighed, and put in a mortar, where. the pice 
was minced, 100 cc. of physiological saline being added little by little. 
The resulting mixture was left in an ice chamber for 24 hours and cen- 
trifuged. The supernatant thus obtained was used as the mother liquid 
to the present work. 

For measuring liver catalse activity with Warburg’s manometer of 
type OT-MD 15, 0.1 cc. of the above-mentioned extract (mother liquid), 
2.3 cc. of distilled water, and 0.5 cc. of Sérensen’s phosphate buffer mix- 
ture of pH 6.8 were introduced in the main chamber of the Warburg’s 
vessel, and in the aide bulb 0.1 cc. of freshly prepared 1.5°, hydrogen 
peroxide solution. ‘The contents of both parts were mixed in a thermostat 
at 37°C., and kept shaking at a rate of 80 strokes per minute. The amount 
cub. mm.) of oxygen thus evolved was determined and used as the liver 
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TABLE I 
Effect of Injection of the Gastric Carcinoma Fractions at Various Doses 
on Catalase Activity of Mouse Liver 
Liver catalase value 
Judgement of results - - 
Injected Uninjected 
wt Amount, $. | 5 Pe ee 3 | a ‘Se 
Material = injected | 3 | 38/28) ¥8\/¢8/ 58/88/58 | e 
(mg) |ZEIZS|SE\SE KE/AZS\/SE\/SE «AE 
90 L 3 22.5 25.0 24.0 | 
70 + 12 12.2 | 26.3; 183 | 
50 -+ 8 15.1 28.2 | 21.6 
: | S82 ; 45 
Cry 30 } 7 164) 301 236) 2 | stad 62.4 | 45.1 
10 + 6 19.6 | 36.5 | 27.7 | 
5 6 22.7 | 38.0; 36.1 
25 + 3 21.0 | 29.3 | 24.5 
10 + 3 23.5 | 35.0) 28.5 | 
D 5 3 28.0 | 36.0 32.7 | 
I 3 3 | 32.5} 55.2| 427 
I 3 | 293! 58.2! 408 | 
0.5 3 33.4 54.5 | 46.3 
5 32.6 | 57.5 | 45.3 
35 3 15.0 | 29.1 21.4 
10 ‘. 3 | 16.0) 25.0} 20.0 
, 2 3 22.2 | 37.1 29.1 
ND} 3 3 | 242 481 35.5 
] 3 20.7 | 55.2 | 36.0 
0.5 3 32.5 | 53.7 | 6.1 
10 3 | 23.0 321 27.5 | 
3 . 3 20:3 8.3 | 3Si2 } 
Ppt BacOHe2 l 3 34.1 | 53.0 | 42.1 3 | 41.0) 58.2) 51.2 
0.1 3 34.2; 49.0] 42.5 
0.01 3°} 41.0 51.5] 45.1 
10 3 22.1 29.1 26.4 
3 3 ra Be 33.0 29.1 
I 3 | 27.1) 33.3} 29.3 : 4 ‘ 
Ppt ac. 0.1 3 | 321 490, 41.0| > | 360) 47.1) 426 
0.01 3 33.1 15.0 | 39.0 
0.001 3 31.0 1.3 | 49.5 
Ppt ct.ac. 3 3 37.1 482) 442) 3 | 375) 503! 429 
10 3 24.5 | 32.0 | :27.6 
; 3 3 25.1 34.0 29.8 ola 
SD ac: 3 390 54.1 45.0 + 43.2 53.1 48.8 
0.1 3 $2.1] 18.2 45.1 
70 3 | 30.6 36.0! 34.0 | | 
Cry 50 3 28.5 | 40.7 | 35.8 5 34.0 53.1 42.0 
35 3 | 33.7; 48.0) 41.3 
10 3 | «14.0! 32.5] 23.7 
3 3 17.1 33.5 | 24.9 | 
Ppt pH 4.2 3 180, 341 320, 4 | 360), 501 41.9 
0.5 3 | 35.0! 41.1 | 38.7 
0.1 3 | 45.0! 48.1 | 46.7 | 
' 
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TABLE I—concluded 





Liver catalase value 


Judgement of results 





Injected Uninjected 
Material Amount he x) yim s a Ow | -& oi ae i 
. injected 3 & 2% |S: of; s/s 25 L & 
tested =s2is2tigas m1 eos isa w= | 2a 
(mg) | 58/26 | 2 “af'28 (2 a2Ei<é 
Ppt pH 2.0 3 — 3 39.0 | 49.1 33.4 
Sp pH 2.0 $ — 3 $2.0 19.1 44.3 
4 32.6 | 52.1 40.7 
Ppt (NH,).SO, > - 3 32.1 | 39.0 | 348 
Sp (NH,)2SO, 3 _ 3 220 | St.4 | Zid 


catalase value. 

Simultaneously with each experiment, a control experiment was 
run, in which the liver catalase value was determined with several un- 
treated mice. When the average of the catalase values of the injected 
mice was lower than the lowest value of control mice (uninjected), that 
test was judged to be positive. 
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Fig. 1. Ranges of variation in liver catalase value of uninjected mice and 
mice injected with an aqueous extract of gastric carcinoma or normal gastric 


mucosa. 
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Results 


The liver catalase values of mice injected with various fractions of 
gastric carcinoma are given in Table I. As a control tissue the healthy 
portion of the gastric mucosa obtained at operation for gastric or duodenal 
ulcer was used. ‘The tissue was extracted with distilled water in exactly 
the same manner as the tissue of gastric carcinoma. The results obtained 
with this extract are shown in Fig. 1, where it will be seen that the catalase 
inhibition shown by the control extract was weaker than that by the gastric 
carcinoma extract. 

With a view to investigating into the dialyzable fraction (D,) of the 
aqueous extract of gastric carcinoma, the Dy was further fractionated by 
heating and with organic solvents. The liver catalase values of these 
fractions are given in Table II. 

Qualitative tests. Some qualitative tests were made on the two gastric 
carcinoma fractions (Pptac, and PptpH4.2), which showed a remarkable 
inhibition of liver catalase activity. ‘The results are showin in Table IIT. 


Taszex ff 


Resistance to Heating and Solubility to Organic Solvents of 
Dialyzable Fraction (Dy) of Aqueous Gastric Carcinoma Extract 








Amount x f Liver catalase value 
Material tested injected pion 
(mg.) ases Minimum Maximum Average 

Dy, untreated 12 23.1 36.1 29.4 
D;, heated at 100°C for | hour 12 26.0 | 46.0 35.7 
ve fSoluble 14 26.4 38.8 32.6 

ts eee (Insoluble 13 25.4 50.0 32.2 
ee {Soluble 10 } 33.6 37.3 35.6 
Sey = \ Insoluble 6 26.6 31.9 29.1 
se 9 a {Soluble 6 29.2 | 363 33.9 
acs er \Insoluble 6 24.8 32.4 28.5 
a's Chicscfecen {letulle 6 26.5 31.7 28.8 
‘ \ Insoluble 6 30.8 37.3 32.8 


TaBLeE III 
Qualitative Tests on Two Gastric Carcinoma Fractions that were 
Most Effective on Liver Catalase A-tivity 
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DiscussION 


Both the untreated mice and the mice that were injected with the same 
amount of the same material showed a wide variation in liver catalase 
value (Fig. 1). That is the reason why we ran, in parallel with each ex- 
periment, a control exeriment (with untreated mice) under the same 
conditions, and judged a test to be positive only when the average of the 
values of injected mice was lower than the lowest value of the controls. 
We think this criterion was satisfactory for our present purposes. 

According to this criterion, the aqueous extract of gastric carcinoma 
showed an inhibition of the mouse liver catalase activity even at a dose 
of 10 mg., while that of normal gastric mucosa was effective first at a dose 
of 30 mg. ‘Thus, it may be concluded that not only gastric carcinoma but 
also normal gastric mucosa contains a factor inhibiting liver catalase 
activity, but the inhibition is stronger in gastric carcinoma. From this 
extract of gastric carcinoma a fraction (Pptac.) which was effective even 
at 1 mg. was obtained. 

Further, the fraction (Pptpy 4.2) obtained from a 10% saline extract 
of gastric carcinoma was also effective at 1 mg. 

In view of the process of fractionation used and the results of the 
qualitative tests (Table III), the two fractions have been considered to 
be composed mainly of nucleoprotein. On the other hand, the dialyzable 
fraction of gastric carcinoma showed some degree of inhibition of mouse 
liver catalase activity. The substance responsible for this inhibition 
seemed not readily soluble in alcohol, benzene, or acetone. When it was 
boiled for 1 hour, its inhibiting activity was slightly decreased. 


SUMMARY 


Various fractions were prepared from the tissue of gastric carcinoma, 
and tested for inhibition of the catalase activity of the mouse liver by 
Warburg’s manometric method. 

1. The aqueous extract of gastric carcinoma was effective at as 
small a dose as 10 mg., 
of normal gastric mucosa was 30 mg. 


whereas the minimum effective dose in the case 


2. Of the various gastric carcinoma extracts tested, the fraction that 
was mainly composed of nucleoprotein was most effective, the minumum 
effective dose being as small as | mg. 
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